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WO 99/12576 PCT/US98/19267 

METHODS AND COMPOSITIONS FOR TREATING CARDIAC AND RENAL 
DISORDERS WITH ATRIAL NATRIURETIC PEPTIDE AND 
TISSUE KALLIKREIN GENE THERAPY 

5 

This invention was made with government support under the National Institutes 
of Health grant numbers HL 29397 and HL 56686. The government has certain rights 
in this invention, 

10 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to methods for delivering tissue kailikrein and 
atrial natriuretic peptide genes to cells via gene therapy mechanisms for the treatment 
15 of hypertension-associated and nonhypertension-associated renal and cardiac disorders. 



Background Art 

Tissue kailikrein is a member of a homologous serine proteinase family which 
is capable of processing low-molecular- weight kininogen to release the bioactive kinin 

20 peptide (1 ,2). Intact kinins bind to bradykinin B2 receptors and trigger a broad 

spectrum of biological effects, including smooth muscle contraction and relaxation, 
electrolyte balance and glucose transport, pain induction, inflammation, increase in 
vascular permeability, and reduction of blood pressure (2). Extensive clinical studies 
showed that urinary kailikrein levels are inversely correlated with blood pressure (3-5). 

25 Since urinary kailikrein originates from the kidney, the correlation between high blood 
pressure and reduced urinary kailikrein levels suggests the participation of renal 
kailikrein in blood pressure homeostasis. Although these clinical studies have 
implicated a role of renal kailikrein in hypertension, the results are based on random 
population samples which do not lend themselves to rigorous genetic analyses. A study 

30 aimed at identifying genetic factors associated with cardiovascular risks using family 
pedigrees concluded that a dominant gene expressed as renal or urinary kailikrein may 
be associated with a reduced risk of hypertension (6). Reduced urinary kailikrein 
excretion has also been described in a number of genetically hypertensive rats (7-10). 
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For example, total renal kallikrein content of Dahl salt-sensitive rats was shown to be 
lower than that of Dahi salt-resistant rats on high, normal, and low salt diets (1 1). 

Atrial natriuretic peptide (ANP) is a 28-amtno acid peptide hormone secreted 
5 predominantly by atrial cardiomyocytes (12,13). The administration of exogenous 
ANP results in numerous physiological responses, including a rapid natriuresis and 
diuresis as well as a reduction in the arterial blood pressure (14-21). ANP has been 
shown to cause blood pressure reduction in animals and hypertensive human subjects 
when applied as a bolus injection or in short term infusions (22-28). A genetic defect 
10 in ANP production could lead to salt-sensitive hypertension in mice with a disruption 
of the mouse ANP gene (29). 

Short term infusion and repeated administration studies of both TK and ANP 
have demonstrated that these substances reduce blood pressure in laboratory animals 

15 and hypertensive patients, but that the effect lasts only as long as these compounds are 
present at therapeutic levels, which is a very brief period because these exogenous 
compounds are very short-lived in vivo. Therefore, an effective treatment regimen 
would require continuous infusion of these substances into individuals. Because of this 
practical limitation, these compounds have never been commercially developed as 

20 viable therapeutic agents. In addition, there are numerous nonhypertension-associated 
renal (e.g., antibiotic-induced nephrotoxicity) and nonhypertension-associated cardiac 
disorders for which no successful treatment has been developed. 

The present invention overcomes previous limitations in the art by providing 
25 methods and compositions for administering TK and ANP via gene therapy 

mechanisms to individuals for the treatment of both hypertension-associated as well as 
nonhypertension-associated renal and cardiac disorders which are responsive to 
elevated amounts of TK and ANP. 

30 
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SUMMARY OF THE INVENTION 

The present invention provides a method for treating a nonhypertension- 
associated renal disorder in a subject having a nonhypertension-associated renal 
5 disorder, comprising administering to the subject a nucleic acid encoding tissue 
kallikrein under conditions whereby the nucleic acid encoding tissue kallikrein is 
expressed in a cell in the subject, thereby treating a nonhypertension-associated renal 
disorder. 

1 0 Further provided in the present invention is a method for treating a 

hypertension-associated renal disorder in a subject having. a hypertension-associated 
renal disorder comprising administering to the subject a nucleic acid encoding tissue 
kallikrein under conditions whereby the nucleic acid encoding tissue kallikrein is 
expressed in a cell in the subject, thereby treating a hypertension-associated renal 

1 5 disorder. 

In addition, the present invention provides a method for treating a 
nonhypertension-associated renal disorder in a subject having a nonhypertension 
associated renal disorder comprising administering to the subject a nucleic acid 
20 encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
atrial natriuretic peptide is expressed in a cell in the subject, thereby treating a 
nonhypertension-associated renal disorder. 

Also provided is a method for treating a hypertension-associated renal disorder 
25 in a subject having a hypertension associated renal disorder comprising administering 
to the subject a nucleic acid encoding atrial natriuretic peptide under conditions 
whereby the nucleic acid encoding atrial natriuretic peptide is expressed in a cell in the 
subject, thereby treating a hypertension-associated renal disorder. 

30 Additionally, the present invention provides a method for treating a 

nonhypertension-associated cardiac disorder in a subject having a nonhypertension- 
associated cardiac disorder, comprising administering to the subject a nucleic acid 
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encoding tissue kallikrein under conditions whereby the nucleic acid encoding tissue 
kallikrein is expressed in a cell in the subject, thereby treating a nonhypertension- 
associated cardiac disorder. 

5 Further provided in the present invention is a method for treating a 

hypertension-associated cardiac disorder in a subject having a hypertension-associated 
cardiac disorder comprising administering to the subject a nucleic acid encoding tissue 
kallikrein under conditions whereby the nucleic acid encoding tissue kallikrein is 
expressed in a cell in the subject, thereby treating a hypertension-associated cardiac 
1 0 disorder. 

A method is also provided for treating a nonhypertension-associated cardiac 
disorder in a subject having a nonhypertension-associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding atrial natriuretic peptide under 
15 conditions whereby the nucleic acid encoding atrial natriuretic peptide is expressed in a 
cell in the subject, thereby treating the nonhypertension-associated cardiac disorder. 

Additionally provided is a method for treating a hypertension-associated cardiac 
disorder in a subject having a hypertension-associated cardiac disorder, comprising 
20 administering to the subject a nucleic acid encoding atrial natriuretic peptide under 

conditions whereby the nucleic acid encoding atrial natriuretic peptide is expressed in a 
cell in the subject, thereby treating the hypertension-associated cardiac disorder. 

The present invention further provides a nucleic acid comprising an isolated 
25 nucleic acid encoding tissue kallikrein and an isolated nucleic acid encoding atrial 
natriuretic peptide as well as a composition comprising a vector comprising a nucleic 
acid encoding tissue kallikrein and a vector comprising a nucleic acid encoding atrial 
natriuretic peptide. 

30 Also provided in the present invention is a cell which has been genetically 

engineered to contain an exogenous nucleic acid encoding tissue kallikrein and an 
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exogenous nucleic acid encoding atrial natriuretic peptide, as well as the cell of this 
invention in a pharmaceutical ly acceptable carrier. 

Furthermore, the present invention provides a method for delivering tissue 
5 kallikrein and atrial natriuretic peptide to a cell comprising administering to the cell a 
nucleic acid encoding tissue kallikrein and atrial natriuretic peptide under conditions 
whereby the nucleic acid is expressed, thereby delivering tissue kallikrein and atrial 
natriuretic peptide to the cell. 

10 Additionally provided is a method for treating a nonhypertension-associated 

renal disorder in a subject having a nonhypertension associated renal disorder, 
comprising administering to the subject a nucleic acid encoding tissue kallikrein and a 
nucleic acid encoding atrial natriuretic peptide under conditions whereby the nucleic 
acid encoding tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide 

15 are expressed in a cell in the subject, thereby treating the nonhypertension-associated 
renal disorder. 



Further provided is a method of treating a nonhypertension-associated cardiac 
disorder in a subject having a nonhypertension associated cardiac disorder, comprising 
20 administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide are expressed in 
a cell in the subject, thereby treating the nonhypertension-associated cardiac disorder. 

25 A method is also provided herein for treating a hypertension-associated renal 

disorder in a subject having a hypertension associated renal disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide are expressed in 

30 a cell in the subject, thereby treating the hypertension-associated renal disorder. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/12576 



PCT/US98/19267 



6 

Finally provided is a method of treating a hypertension-associated cardiac 
disorder in a subject having a hypertension associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
5 tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide are expressed in 
a cell in the subject, thereby treating the hypertension-associated cardiac disorder. 

DETAILED DESCRIPTION OF THE INVENTION 

10 As used in the claims, "a" can include multiples. 

The present invention provides a method for treating a nonhypertension- 
associated renal disorder in a subject having a nonhypertension-associated renal 
disorder, comprising administering to the subject a nucleic acid encoding tissue 
1 5 kallikrein under conditions whereby the nucleic acid encoding tissue kallikrein is 
expressed in a cell in the subject, thereby treating a nonhypertension-associated renal 
disorder. 

Further provided in the present invention is a method for treating a 
20 hypertension-associated renal disorder in a subject having a hypertension-associated 
renal disorder comprising administering to the subject a nucleic acid encoding tissue 
kallikrein under conditions whereby the nucleic acid encoding tissue kallikrein is 
expressed in a cell in the subject, thereby treating a hypertension-associated renal 
disorder. 

25 

In addition, the present invention provides a method for treating a 
nonhypertension-associated renal disorder in a subject having a nonhypertension 
associated renal disorder comprising administering to the subject a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
30 atrial natriuretic peptide is expressed in a cell in the subject, thereby treating a 
nonhypertension-associated renal disorder. 
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Also provided is a method for treating a hypertension-associated renal disorder 
in a subject having a hypertension associated renal disorder comprising administering 
to the subject a nucleic acid encoding atrial natriuretic peptide under conditions 
whereby the nucleic acid encoding atrial natriuretic peptide is expressed in a cell in the 
5 subject, thereby treating a hypertension-associated renal disorder. 

The cell in the subject in which the nucleic acid encoding tissue kallikrein or 
atrial natriuretic peptide is expressed to treat a non-hypertension-associated or 
hypertension-associated renal disorder can be any cell which can take up and express 

10 exogenous DNA, including, but not limited to, a heart cell, kidney cell, liver cell, lung 
cell, adrenal gland cell, endothelial cell, neuronal cell, myoblast and hematopoietic 
stem cell and is most preferably a kidney cell. In addition, the renal disorder to be 
treated by administration of a nucleic acid encoding tissue kallikrein can be, but is not 
limited to, renal injury, nephrotoxicity, nonhypertension-associated or hypertension- 

15 associated renal disease, salt-induced renal damage, glomerulosclerotic lesions, tubular 
injury, drug-induced renal damage, chronic renal failure, acute renal failure, nephrotic 
syndrome and diabetic nephropathy. 

Additionally, the present invention provides a method for treating a 
20 nonhypertension-associated cardiac disorder in a subject having a nonhypertension- 
associated cardiac disorder, comprising administering to the subject a nucleic acid 
encoding tissue kallikrein under conditions whereby the nucleic acid encoding tissue 
kallikrein is expressed in a cell in the subject, thereby treating a nonhypertension- 
associated cardiac disorder. 

25 

Further provided in the present invention is a method for treating a 
hypertension-associated cardiac disorder in a subject having a hypertension-associated 
cardiac disorder comprising administering to the subject a nucleic acid encoding tissue 
kallikrein under conditions whereby the nucleic acid encoding tissue kallikrein is 
30 expressed in a cell in the subject, thereby treating a hypertension-associated cardiac 
disorder. 
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A method is also provided for treating a nonhypertension-associated cardiac 
disorder in a subject having a nonhypertension-associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding atrial natriuretic peptide under 
conditions whereby the nucleic acid encoding atrial natriuretic peptide is expressed in a 
5 cell in the subject, thereby treating the nonhypertension-associated cardiac disorder. 



Additionally provided is a method for treating a hypertension-associated cardiac 
disorder in a subject having a hypertension-associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding atrial natriuretic peptide under 
10 conditions whereby the nucleic acid encoding atrial natriuretic peptide is expressed in a 
cell in the subject, thereby treating the hypertension-associated cardiac disorder. 



The cell in the subject in which the nucleic acid encoding tissue kallikrein 
and/or atrial natriuretic peptide is expressed to treat a nonhypertension-associated or 

1 5 hypertension-associated cardiac disorder can be any cell which can take up and express 
exogenous DNA, including, but not limited to, a heart cell, kidney cell, liver cell, lung 
cell, adrenal gland cell, endothelial cell, neuronal cell, myoblast and hematopoietic 
stem cell and is most preferably a cardiac cell. In addition, the cardiac disorder to be 
treated by administration of a nucleic acid encoding tissue kallikrein can be, but is not 

20 limited to, cardiac hypertrophy, nonhypertension-associated or hypertension-associated 
cardiac damage, heart failure after cardiac surgery, cardiac injury after myocardial 
infarction, myocardial ischemia, congestive heart failure, restenosis following 
angioplasty, cerebravascular disorders such as stroke and occlusive artery diseases and 
disorders. 

25 

The present invention further provides a nucleic acid comprising both an 
isolated nucleic acid encoding tissue kallikrein and an isolated nucleic acid encoding 
atrial natriuretic peptide. As used herein, the term "isolated" means a nucleic acid 
separated or substantially free from at least some of the other components of the 
30 naturally occurring organism, for example, the cell structural components commonly 
found associated with nucleic acids in a cellular environment and/or other nucleic acids. 
The isolation of nucleic acids can therefore be accomplished by techniques such as cell 
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lysis followed by phenol plus chloroform extraction, followed by ethanol precipitation 
of the nucleic acids (30). The nucleic acids of this invention can be isolated from cells 
according to methods well known in the art for isolating nucleic acids. Alternatively, 
the nucleic acids of the present invention can be synthesized according to standard 
5 protocols well described in the literature for synthesizing nucleic acids. 

It is understood that, where desired, modification and changes may be made in 
the structure of the TK and/or ANP of the present invention and still obtain a protein 
having like or otherwise desirable characteristics. Such changes may occur in natural 
1 0 isolates or may be synthetically introduced using site-specific mutagenesis, the 

procedures for which, such as mis-match polymerase chain reaction (PCR), are well 
known in the art. 

For example, certain amino acids may be substituted for other amino acids in a 
1 5 TK and/or ANP protein without appreciable loss of functional activity of the TK and/or 
ANP. Since it is the interactive capacity and nature of a protein that defines that 
protein's biological functional activity, certain amino acid sequence substitutions can be 
made in a TK and/or ANP amino acid sequence (or, of course, the underlying nucleic 
acid sequence) and nevertheless obtain TK and/or ANP with like properties. It is thus 
20 contemplated by the inventors that various changes may be made in the sequence of the 
TK and/or ANP amino acid sequence (or underlying nucleic acid sequence) without 
appreciable loss of biological utility or activity and possibly with an increase in such 
utility or activity. 

25 The present invention further provides a composition comprising a vector 

comprising a nucleic acid encoding tissue kallikrein and a vector comprising a nucleic 
acid encoding atrial natriuretic peptide. The composition can be in a pharmaceutically 
acceptable carrier. The vector can be an expression vector which contains all of the 
genetic components required for expression of the nucleic acid encoding tissue 

30 kallikrein and the nucleic acid encoding atrial natriuretic peptide in cells into which the 
vector has been introduced, as are well known in the art. The expression vector can be 
a commercial expression vector or it can be constructed in the laboratory according to 
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standard molecular biology protocols. The expression vector can comprise viral 
nucleic acid including, but not limited to, adenovirus, retrovirus and or adeno- 
associated virus nucleic acid. The nucleic acid or vector of this invention can also be in 
a liposome or a delivery vehicle which can be taken up by a cell via receptor-mediated 
5 or other type of endocytosis. 

For example, the nucleic acid comprising an isolated nucleic acid encoding 
tissue kallikrein and an isolated nucleic acid encoding atrial natriuretic peptide can be 
inserted into an adenoviral nucleic acid according to methods well known in the art and 

10 as described in the Examples herein, wherein the nucleic acids of this invention can be 
packaged in an adenovirus particle and wherein expression of the nucleic acid encoding 
the tissue kallikrein and the nucleic acid encoding the atrial natriuretic peptide results in 
production of tissue kallikrein and atrial natriuretic peptide. Thus, the present invention 
also provides an adenovirus comprising a nucleic acid comprising an isolated nucleic 

15 acid encoding tissue kallikrein and an isolated nucleic acid encoding atrial natriuretic 
peptide. 

The present invention further contemplates a cell which has been genetically 
engineered to contain an exogenous nucleic acid encoding tissue kallikrein and an 
20 exogenous nucleic acid encoding atrial natriuretic peptide. Such cells can also be 
provided in a pharmaceutical^ acceptable carrier, as described herein. 



Furthermore, the present invention provides a method for delivering tissue 
kallikrein and atrial natriuretic peptide to a cell comprising administering to the cell a 

25 nucleic acid encoding tissue kallikrein and atrial natriuretic peptide under conditions 
whereby the nucleic acid is expressed, thereby delivering tissue kallikrein and atrial 
natriuretic peptide to the cell. The nucleic acid can be delivered as naked DNA or in a 
vector (which can be a viral vector) or other delivery vehicles and can be delivered to 
the subject's cells in vivo and/or ex vivo by a variety of mechanisms well known in the 

30 art (e.g., uptake of naked DNA, viral infection, liposome fusion, endocytosis and the 
like). The cell can be any cell which can take up and express exogenous DNA, 
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including, but not limited to, a heart cell, kidney cell, liver cell, lung cell, adrenal gland 
cell, endothelial cell, neuronal cell, myoblast and hematopoietic stem cell. 

Additionally provided is a method for treating a nonhypertension-associated 
5 renal disorder in a subject having a nonhypertension-associated renal disorder, 

comprising administering to the subject a nucleic acid encoding tissue kallikrein and a 
nucleic acid encoding atrial natriuretic peptide under conditions whereby the nucleic 
acid encoding tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide 
are expressed in a cell in the subject, thereby treating the nonhypertension-associated 
10 renal disorder. 

A method is also provided herein for treating a hypertension-associated renal 
disorder in a subject having a hypertension associated renal disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic acid 
1 5 encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide are expressed in 
a cell in the subject, thereby treating the hypertension-associated renal disorder. 

The cell in the subject in which the nucleic acid encoding tissue kallikrein and 
20 the nucleic acid encoding atrial natriuretic peptide are expressed to treat a 

nonhypertension-associated or hypertension-associated renal disorder can be any cell 
which can take up and express exogenous DNA, including, but not limited to, a heart 
cell, kidney cell, liver cell, lung cell, adrenal gland cell, endothelial cell, neuronal cell, 
myoblast and hematopoietic stem cell and is most preferably a kidney cell. In addition, 
25 the renal disorder to be treated by administration of a nucleic acid encoding tissue 

kallikrein and a nucleic acid encoding atrial natriuretic peptide can be, but is not limited 
to, renal injury, nephrotoxicity, nonhypertension-associated or hypertension-associated 
renal damage, salt-induced renal damage, glomerulosclerotic lesions, tubular injury, 
drug-induced renal damage, chronic renal failure, acute renal failure, nephrotic 
30 syndrome and diabetic nephropathy. 
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Further provided is a method of treating a nonhypertension-associated cardiac 
disorder in a subject having a nonhypertension associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
5 tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide are expressed in 
a cell in the subject, thereby treating the nonhypertension-associated cardiac disorder. 

A method is also provided for treating a hypertension -associated cardiac 
disorder in a subject having a hypertension-associated cardiac disorder, comprising 
1 0 administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide are expressed in 
a cell in the subject, thereby treating the hypertension-associated cardiac disorder. 

15 The cell in the subject in which the nucleic acid encoding tissue kallikrein and 

the nucleic acid encoding atrial natriuretic peptide are expressed to treat a 
nonhypertension-associated or hypertension-associated cardiac disorder can be any cell 
which can take up and express exogenous DNA, including, but not limited to, a heart 
cell, kidney cell, liver cell, lung cell, adrenal gland cell, endothelial cell, neuronal cell, 

20 myoblast and hematopoietic stem cell and is most preferably a cardiac cell. In addition, 
the cardiac disorder to be treated by administration of a nucleic acid encoding tissue 
kallikrein and a nucleic acid encoding atrial natriuretic peptide can be, but is not limited 
to, cardiac hypertrophy, nonhypertension-associated or hypertension-associated cardiac 
damage, heart failure after cardiac surgery, cardiac injury after myocardial infarction, 

25 myocardial ischemia, congestive heart failure, restenosis following angioplasty, 

cerebravascular disorders such as stroke and occlusive artery diseases and disorders. 

The present invention provides a method for treating and/or preventing a 
cerebrovascular disorder (e.g., a stroke) in a subject having a cerebrovascular disorder 
30 and/or at risk of having a cerebrovascular disorder, comprising administering to the 
subject a nucleic acid encoding tissue kallikrein and/or a nucleic acid encoding atrial 
natriuretic peptide under conditions whereby the nucleic acid encoding tissue kallikrein 



SUBSTITUTE SHEET (RULE 26) 



WO 99/12576 



PCT7US98/19267 



13 

and/or the nucleic acid encoding atrial natriuretic peptide is expressed in a cell of the 
subject, thereby treating and/or preventing the cerebrovascular disorder. 

Further provided is a method for treating and/or preventing an occlusive artery 
5 disorder (e.g., restenosis) in a subject having an occlusive artery disorder and/or at risk 
of having an occlusive artery disorder, comprising administering to the subject a 
nucleic acid encoding tissue kallikrein and/or a nucleic acid encoding atrial natriuretic 
peptide under conditions whereby the nucleic acid encoding tissue kallikrein and/or the 
nucleic acid encoding atrial natriuretic peptide is expressed in a cell of the subject, 
1 0 thereby treating and/or preventing the occlusive artery disorder. 

A method is also provided for inhibiting vascular smooth muscle cell growth 
and/or inhibiting neointimal formation in a blood vessel of a subject in need of 
inhibition of vascular smooth muscle cell growth and/or neointimal formation in a 
1 5 blood vessel, comprising administering to the subject a nucleic acid encoding tissue 
kallikrein and/or a nucleic acid encoding atrial natriuretic peptide under conditions 
whereby the nucleic acid encoding tissue kallikrein and/or the nucleic acid encoding 
atrial natriuretic peptide is expressed in a cell of the subject, thereby inhibiting vascular 
smooth muscle cell growth and/or neointimal formation in a blood vessel of the subject. 

20 

The present invention also provides a method for treating and/or preventing 
renal damage and/or renal injury caused by drug-induced and/or salt-induced 
nephrotoxicity in a subject having renal damage and/or renal injury caused by drug- 
induced and/or salt induced nephrotoxicity and/or at risk of having renal damage and/or 

25 renal injury caused by drug-induced and/or salt-induced nephrotoxicity, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and/or a nucleic 
acid encoding atrial natriuretic peptide under conditions whereby the nucleic acid 
encoding tissue kallikrein and/or the nucleic acid encoding atrial natriuretic peptide is 
expressed in a cell of the subject, thereby treating and/or preventing renal damage 

30 and/or renal injury caused by drug-induced and/or salt-induced nephrotoxicity. 
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Further provided is a method for stimulating renal tubular regeneration and/or 
reversing pre-existing renal injury in a subject in need of stimulation of renal tubular 
regeneration and/or reversal of pre-existing renal injury, comprising administering to 
the subject a nucleic acid encoding tissue kallikrein and/or a nucleic acid encoding 
5 atrial natriuretic peptide under conditions whereby the nucleic acid encoding tissue 
' kallikrein and/or the nucleic acid encoding atrial natriuretic peptide is expressed in a 
cell of the subject thereby stimulating renal tubular regeneration and/or reversing pre- 
existing renal injury in the subject. For example, the pre-existing renal injury can be 
caused by chronic renal failure, by drug-induced nephrotoxicity and/or by salt-induced 
10 nephrotoxicity. 



Thus, the present invention also provides a method for treating and/or 
preventing chronic renal failure in a subject having chronic renal failure or at risk of 
having chronic renal failure, comprising administering to the subject a nucleic acid 
15 encoding tissue kallikrein and/or a nucleic acid encoding atrial natriuretic peptide under 
conditions whereby the nucleic acid encoding tissue kallikrein and/or the nucleic acid 
encoding atrial natriuretic peptide is expressed in a cell of the subject, thereby treating 
and/or preventing chronic renal failure in the subject. 

20 The subject of the described methods of this invention can be any animal that 

utilizes tissue kallikrein and/or atrial natriuretic peptide and which can be treated for a 
nonhypertension-associated or hypertension- associated renal disorder and/or a 
nonhypertension-associated or hypertension-associated cardiac disorder. The animal 
can be a mammal and most preferably is a human. 

25 

The nucleic acid encoding TK and/or ANP can be administered to the cells of 
the subject either in vivo and/or ex vivo. Hex vivo methods are employed, cells or 
tissues can be removed and maintained outside the body according to standard 
protocols well known in the art. The nucleic acids of this invention can be introduced 
30 into the cells via any gene transfer mechanism, such as, for example, virus-mediated 
gene delivery, calcium phosphate mediated gene delivery, electroporation, 
microinjection or proteohposomes. The transduced cells can then be infused (e.g., in a 



SUBSTITUTE SHEET (RULE 26) 



WO 99/12576 



15 

pharmaceutical^ acceptable carrier) or homotopically transplanted back into the 
subject per standard methods for the cell or tissue type. Standard methods are known 
for transplantation or infusion of various cells into a subject, 

5 For in vivo methods, the nucleic acid encoding TK and/or ANP can be 

administered to the subject in a pharmaceutically acceptable carrier as further described 
below. 

In the methods described above which include the administration and uptake of 
1 0 exogenous DNA into the cells of a subject (i.e., gene transduction or transfection), the 
nucleic acids of the present invention can be in the form of naked DNA or the nucleic 
acids can be in a vector for delivering the nucleic acids to the cells for expression of the 
TK and/or ANP protein. The vector can be a commercially available preparation, such 
as an adenovirus vector (Quantum Biotechnologies, Inc. (Laval, Quebec, Canada). 
15 Delivery of the nucleic acid or vector to cells can be via a variety of mechanisms. As 
one example, delivery can be via a liposome, using commercially available liposome 
preparations such as LIPOFECTIN, LIPOFECT AMINE (GIBCOBRL, Inc., 
'Gaithersburg, MD) t SUPERFECT (Qiagen, Inc. Hilden, Germany) and 
TRANSFECTAM (Promega Biotec, Inc., Madison, WI), as well as other liposomes 
20 developed according to procedures standard in the art. In addition, the nucleic acid or 
vector of this invention can be delivered in vivo by electroporation, the technology for 
which is available from Genetronics, Inc. (San Diego, CA) as well as by means of a 
SONOPORATION machine (ImaRx Pharmaceutical Corp., Tucson, AZ). 

25 As one example, vector delivery can be via a viral system, such as a retroviral 

vector system which can package a recombinant retroviral genome (see e.g. ,3 1,32). The 
recombinant retrovirus can then be used to infect and thereby deliver to the infected 
cells nucleic acid encoding TK and/or AW. The exact method of introducing the 
altered nucleic acid into mammalian cells is, of course, not limited to the use of 

30 retroviral vectors. Other techniques are widely available for this procedure including 
the use of adenoviral vectors (33), adeno-associated viral (AAV) vectors (34), lentiviral 
vectors (35), pseudotyped retroviral vectors (36). Physical transduction techniques can 
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also be used, such as liposome delivery and receptor-mediated and other endocytosis 
mechanisms (see, for example, 37). This invention can be used in conjunction with any 
of these or other commonly used gene transfer methods. 

5 The Examples of the present invention describe an adenovirus comprising a 

recombinant nucleic acid encoding TK and/or AN? inserted within an adenoviral 
nucleic acid, such that the recombinant nucleic acid is packaged in an adenovirus 
particle and the nucleic acid encoding TK and/or ANP is expressed within the cells into 
which the recombinant DNA is taken up, resulting in the production of TK and/or ANP. 

10 Various adenoviruses may be used in the compounds and methods described herein. 
For example, and as described in the Example contained herein, a nucleic acid encoding 
TK and/or ANP is inserted within the genome of adenovirus type 5. Similarly, other 
types of adenovirus may be used such as type 1, type 2, etc. For an exemplary list of 
the adenoviruses known to be able to infect human cells and which therefore can be 

15 used in the present invention, see Fields, et al. (38). Furthermore, it is contemplated 
that a recombinant nucleic acid comprising an adenoviral nucleic acid from one type 
adenovirus can be packaged using capsid proteins from a different type adenovirus. 

The adenovirus of the present invention is preferably rendered replication 
20 deficient, depending upon the specific application of the compounds and methods 
described herein. Methods of rendering an adenovirus replication deficient are well 
known in the art. For example, mutations such as point mutations, deletions, insertions 
and combinations thereof, can be directed toward a specific adenoviral gene or genes, 
such as the El gene. For a specific example of the generation of a replication deficient 
25 adenovirus for use in gene therapy, see WO 94/28938 (Adenovirus Vectors for Gene 
Therapy Sponsorship) which is incorporated herein. 

In the present invention, the TK and/or ANP gene can be inserted within an 
adenoviral genome and the TK and/or ANP encoding sequence can be positioned such 
30 that an adenovirus promoter is operatively linked to the TK and/or ANP insert such that 
the adenoviral promoter can then direct transcription of the TK and/or ANP nucleic 
acid, or the TK and/or ANP insert may contain its own adenoviral promoter. Similarly, 
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the TK and/or ANP insert may be positioned such that the nucleic acid encoding TK 
and/or ANP may use other adenoviral regulatory regions or sites such as splice 
junctions and polyadenylation signals and/or sites. Alternatively, the nucleic acid 
encoding TK and/or ANP may contain a different enhancer/promoter (e.g., CMV or 
5 RSV-LTR enhancer/promoter sequences as described in the Examples provided herein) 
or other regulatory sequences, such as splice sites and polyadenylation sequences, such 
that the nucleic acid encoding TK and/or ANP may contain those sequences necessary 
for expression of TK and/or ANP and not partially or totally require these regulatory 
regions and/or sites of the adenovirus genome. These regulatory sites may also be 

10 derived from another source, such as a virus other than adenovirus. For example, as 
described in the Examples herein, a polyadenylation signal from SV40 or BGH may be 
used rather than an adenovirus, a human, or a murine polyadenylation signal. The TK 
and/or ANP nucleic acid insert may, alternatively, contain some sequences necessary 
for expression of TK and/or ANP and derive other sequences necessary for the 

15 expression of the TK and/or ANP from the adenovirus genome, or even from the host 
in which the recombinant adenovirus is introduced. 

As another example, for administration of TK and /or ANP genes to an 
individual in an AAV vector, the AAV particle can be directly injected intravenously. 

20 The AAV has a broad host range, so the vector can be used to transduce any of several 
cell types, but preferably cells in those organs that are well perfused with blood vessels. 
To more specifically administer the vector, the AAV particle can be directly injected 
into the target organ, such as muscle, liver or kidney. Furthermore, the vector can be 
administered intraarterial ly, directly into a body cavity, such as intraperitoneal ly, or 

25 directly into the central nervous system (CNS). 

An AAV vector can also be administered in gene therapy procedures in various 
other formulations in which the vector plasmid is administered after incorporation into 
other delivery systems such as liposomes or systems designed to target cells by 
30 receptor-mediated or other endocytosis procedures. The AAV vector can also be 
incorporated into an adenovirus, retrovirus or other virus which can be used as the 
delivery vehicle. 
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As described above, the nucleic acid or vector of the present invention can be 
administered in vivo in a pharmaceutical^ acceptable carrier. By "pharmaceutically 
acceptable" is meant a material that is not biologically or otherwise undesirable, i.e., the 
material may be administered to a subject, along with the nucleic acid or vector, 
5 without causing any undesirable biological effects or interacting in a deleterious 

manner with any of the other components of the pharmaceutical composition in which 
it is contained. The carrier would naturally be selected to minimize any degradation of 
the active ingredient and to minimize any adverse side effects in the subject, as would 
be well known to one of skill in the art. 

10 

The mode of administration of the nucleic acid or vector of the present 
invention can vary predictably according to the disease being treated and the tissue 
being targeted. For example, for administration of the nucleic acid or vector in a 
liposome, catheterization of an artery upstream from the target organ is a preferred 
15 mode of delivery, because it avoids significant clearance of the liposome by the lung 
and liver. 
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The nucleic acid or vector may be administered orally, parenterally (e.g., 
intravenously), by intramuscular injection, by intraperitoneal injection, transdermal ly, 

20 extracorporeally, topically or the like, although intravenous administration is typically 
preferred. The exact amount of the nucleic acid or vector required will vary from 
subject to subject, depending on the species, age, weight and general condition of the 
subject, the severity of the disease being treated, the particular nucleic acid or vector 
used, its mode of administration and the like. Thus, it is not possible to specify an 

25 exact amount for every nucleic acid or vector. However, an appropriate amount can be 
determined by one of ordinary skill in the art using only routine experimentation given 
the teachings herein (see, e.g., Remington's Pharmaceutical Sciences; ref 39). 

As one example, if the nucleic acid of this invention is delivered to the cells of a 
30 subject in an adenovirus vector, the dosage for administration of adenovirus to humans 
can range from about 10 7 to 10 9 plaque forming unit (pfu) per injection but can be as 
high as 10' 2 pfu per injection (59,60). Ideally, a subject will receive a single injection. 
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If additional injections are necessary, they can be repeated at six month intervals for an 
indefinite period and/or until the efficacy of the treatment has been established. 

Parenteral administration of the nucleic acid or vector of the present invention, 
5 if used, is generally characterized by injection. Injectables can be prepared in 

conventional forms, either as liquid solutions or suspensions, solid forms suitable for 
solution of suspension in liquid prior to injection, or as emulsions. A more recently 
revised approach for parenteral administration involves use of a slow release or 
sustained release system such that a constant dosage is maintained. See, e.g., U.S. 
1 0 Patent No. 3,610,795, which is incorporated by reference herein. 

In the methods of the present invention which describe the treatment of a 
nonhypertension-associated or hypertension-associated renal disorder, the efficacy of 
the treatment can be monitored according to clinical protocols well known in the art for 

1 5 monitoring the treatment of renal disorders. For example, such clinical parameters as 
renal sodium excretion, urine volume, urinary sediment and urine creatinine can be 
monitored according to methods standard in the art. Ideally, these parameters would be 
measured at about ten days after gene delivery. A clinician would look for reduction or 
absence of proteinuria, edema, hematuria, azotemia and casts as well as increased urine 

20 volume and sodium excretion as indicators of the efficacy of the treatment methods of 
this invention. 

Furthermore, in determining the efficacy of treatment of a nonhypertension- 
associated or hypertension-associated cardiac disorder, a clinician would look for 
25 improvement in cardiac morphology and function as determined by 

electrocardiography, magnetic resonance imaging and/or positron emission 
tomography, the technologies of which are well known in the art. Ideally, these 
parameters would be measured at about 20 days after gene delivery. 

30 In addition, the efficacy of treatment of restenosis according the methods 

provided herein can be monitored by angiocardiography, preferably at about 20 days 
after gene delivery. 
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The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

5 EXAMPLES 
I. Adenovirus delivery of TK genes 

Materials 

Dahl salt-sensitive rats (Dahl-SS, male, 4 weeks old) (Sprague-Dawley Harlan, 
10 Indianapolis, IN) were used in this study. Rats were divided into three groups. The 
control group was fed a standard rat chow (0.4% NaCl) ) (Harlan Teklad, Madison, 
WI). The experimental groups were fed a high salt diet (4% NaCl) (Harian Teklad, 
Madison, WI). All rats had free access to water. Throughout the study period, all 
animals were housed in a room that was kept at constant temperature (25±I°C) and 
15 humidity (60±5%) and was lighted automatically from 8:00 am to 8:00 pm. All 

procedures complied with the standards for care and use of animal subjects as stated in 
the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory 
Resources, National Academy of Sciences, Bethesda, MD). 

20 Preparation of Replication-Deficient Adenovirus Vector Ad.CMV-cHK 

Plasmid CMV-cHK was constructed as previous described (40) in which the 
expression of human tissue kallikrein cDNA was under the control of the 
cytomegalovirus (CMV) enhancer/promoter and was followed by a bovine growth 
hormone (BGH) polyA signal sequence. The transcription unit of CMV-cHK-polyA, 

25 including the CMV enhancer/promoter, the human tissue kallikrein cDNA and a BGH 
poly A signal sequence, was released from the CMV-cHK plasmid with Nae I /Nru I 
digestions. Plasmid pAd.CMV-cHK was constructed by inserting the released 
fragment into the adenovirus shuttle vector pAdLink. 1 at an EcoRV site. The 
pAd. CMV-cHK plasmid DNA was purified using a Qiagen plasmid DNA kit. (Qiagen, 

30 Chatsworth, CA) and the purified DNA was sent to the Institute for Human Gene 
Therapy, Wistar Institute, Philadelphia for generation of adenovirus Ad.CMV-cHK 
harboring the CMV-cHK-polyA transcription unit. Adenovirus harboring the LacZ 
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gene under the control of the CMV enhancer/promoter (Ad.CMV-LacZ) was purchased 
from the Institute for Human Gene Therapy. 

Intravenous Delivery of Adenoviral Vectors Ad.CMV-cHK and Ad.CMV-LacZ 
5 Seven Dahl-SS rats of each group fed with a high salt diet containing 4% NaCl 

were intravenously (IV) injected with either Ad.CMV-cHK or Ad.CMV-LacZ at a 
dosage of 1 .2 x 1 0 i0 pfu (plaque formation unit) per rat through the tail vein. During 
the experimental period, blood was collected daily from the tail vein for the first eight 
days and every two days from 9 to 36 days after injection. Rat serum samples were 
10 frozen at -80°C until the expression level of human tissue kallikrein could be examined 
by ELISA. 

Blood Pressure Measurement 

The systolic blood pressure of rats was measured with a manometer-tachometer 
15 (model KN-210-1 ; Narco Bio-systems) using the tail-cuff method (41 ). Unanesthetized 
rats were introduced into a plastic holder mounted on a thermostatically controlled 
warm plate, which was maintained at 33-35°C during measurement. An average of ten 
readings was taken for each animal after they became acclimated to the environment. 

20 Urine Collection and Analysis of Physiological Parameters 

Twenty-four hour urine of rats was collected in metabolic cages at 9, 17, and 23 
days post gene delivery. Rats were fed a 4% NaCl diet for three hours before being 
placed in metabolic cages supplied with drinking bottles. To eliminate contamination 
of urine samples, animals received only water during the 24 hour collection period. 

25 Urine was collected and centrifuged in a microfuge at l,000x g to remove particles. 
The volume of the supernatant was measured and stored at -20°C until analysis. Each 
sample was used to measure urinary kinin, cyclic GMP (cGMP), sodium and potassium 
output, urinary creatinine and total protein. 

30 Tissue Preparation 

At the end of the experiment, all rats were anesthetized intraperitoneal Iy with 
pentobarbital at a dose of 50 mg/kg body weight. Blood samples were collected by 
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direct cardiac puncture and chilled at 4°C overnight. The blood samples were 
centrifuged at 1,000 x g for 20 min and sera were removed and frozen at -20°C. At the 
same time, rats were perfused with normal saline (0.9% NaCl) via the heart. The whole 
heart, left ventricle and left and right kidneys were removed, blotted and weighed. 
5 Tissues of interest were removed and total RNAs were extracted by the guanidine 
isothiocyanate-cesium chloride ultracentrifugation method. The extracted RNA was 
quantified spectrophotometrically by absorbance at 260 nm, dissolved in diethyl 
pyrocarbonate-treated water and stored at -80°C for further use. 

10 RT-PCR Southern Blot Analysis of Human Tissue Kallikrein mRNA 

The reaction mixture for reverse transcription (RT) contained 1 u.g of total RNA 
from Dahl-SS rats, 10 pmols of 3' primer (5'-CTTCACATAAGACAGCA -3' of the 
human tissue kallikrein gene) (SEQ ID NO:l), 16 nmols of dNTP, 0.2 ^mole of DTT, 4 
ul of 5x reverse transcription buffer (250 mmol/L Tris-HCI, pH 8.3, 375 mmol/L KC1, 

15 15 mmol/L MgCU) and 200 U of Maloney murine leukemia virus reverse transcriptase 
(BRL, Gaithersburg, MD), in a total volume of 20 ul. The RT reaction mixture was 
incubated at 37°C for 1 hour to synthesize the first strand of cDNA. Ten pmoi of 
5'-primer (5'-AACACAGCCCAGTTTGT-3') (SEQ ID NO:2), 5 ul of lOx PCR buffer 
and 0.5 U of Taq DNA polymerase were added to the RT mixture to a total volume of 

20 50 uJ followed by 30 cycles of polymerase chain reaction (PCR) (94°C, 1 min; 55°C, 1 
min; 72°C, 1 min) with mineral oil. Ten fig of PCR products were subjected to a 
Southern blot analysis. A specific oligonucleotide (5'-GACCTCAAAATCCTGCC-3*) 
(SEQ ID NO:3) was used as an internal probe for hybridization at 42°C Hybridization 
was carried out in a solution containing 6x SSC (900 mmol/L NaCl, 9 mmol/L sodium 

25 citrate, pH 7.0), 5x Denhardt's solution, 0.5% SDS, 100 ug/ml herring sperm DNA and 
32 P-labeled oligonucleotide primer. The blot was washed to a final stringency of lx 
SSC at 42°C. The blot was exposed to Kodak X-Omat film at -80°C (Eastman Kodak 
Co., Rochester, NY). 

30 Enzyme-linked Immunosorbent Assay (ELISA) for Human Tissue Kallikrein 

Tissues were immersed in PBS (phosphate-buffered saline; pH 7.0) and 
homogenized with a Polytron (Brinkmann Instruments). The levels of immunoreactive 
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human tissue kallikrein in each tissue extract, rat urine and rat sera were determined by 
an ELISA specific for human tissue kallikrein. Anti-human tissue kallikrein IgG was 
coupled to biotin. Microtiter plates (96 well) were coated with anti-kallikrein IgG (2 
ug/ml, 100 ul/well) at 4°C overnight. Purified human tissue kallikrein standard 
5 (0.04-2.5 ng) and rat tissue extracts were added to individual wells in a total volume of 
100 ulofPBS containing 0.05% Tween-20 and 0.5% gelatin. Biotin-labeled 
anti-human tissue kallikrein IgG was added in each well at a concentration of 1 ug/ml 
in a total of 100 ul. Peroxidase-avidin (I ug/ml in a total of 100 ul) was added and 
incubated at 37°C for 60 min. The color reaction was performed by adding 100 ui/well 
10 of freshly prepared substrate solution [0.03% 2,2'-azino-bts 

(3-ethyIbenzthiazoIine-6-sulfonic acid) and 0.03% H 2 0 2 in 0.1 mol/L citrate buffer, pH 
4.3] and incubating at room temperature for 30 min. The plates were read at 404 run 
with a Titertek plate reader (53). 

15 Radioimmunoassay (RIA) of Urinary Kinin 

Urinary kinins levels were determined by a direct radioimmunoassay as 
described (58). Briefly, 100 ul of l25 Habeled bradykinin (10,000 cpm/100 ul), 100 ul 
rabbit antiserum against bradykinin (at a 1:100,000 dilution), 100 ul diluted sample and 
100 ul 0.1% egg albumin assay buffer (0.1% egg albumin, 10 mM EDTA, 10 mM 

20 1 ,10-phenanthroline in PBS, pH 7.0) in a final volume of 400 ul were incubated at 4°C 
overnight. After addition of 400 ul 1% bovine-y-globulin and 800 \i\ 25% 
polyethylene glycol in PBS to the reaction mixture, free and antibody-bound 
bradykinin were separated by centrifugation at 5000 rpm for 30 min. The standard 
bradykinin used ranged from 4.0 pg to 0.5 ng. 

25 

Radioimmunoassay for cGMP 

The procedure for assay of cGMP was conducted according to the general 
procedure of Harper and Brooker (43,44) as modified by Gettys et al. (45,46). The 
iodination was performed by adding 20 u.1 of 50 mmoI/L phosphate buffer to 25 ug (in 
30 10 of 0.5 mol/L potassium phosphate buffer, pH 7.4) of 

2'-0-monosuccinylguanosine 3':5'-cyclic monophosphate tyrosyl methyl ester 
(cGMP-TME, Sigma Chemical Co.), followed by 5 ul of Na ,25 I (0.5 mCi). Twenty ul 
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of 0.01% chloramine T (Sigma Chemical Co.) solution was added to the mixture and 
incubated for 30 sec. The reaction was stopped by adding 50 ul of 25% acetic acid. 
The resultant mixture was subjected to C-18 reversed phase HPLC to separate the 
iodinated cGMP-TME from free iodine. Standards (10, 5, 2.5, 1.25, 0.63, 0.32, 0.16 
5 and 0.08 nmol/L) and urine samples were acetylated by adding 20 ul of triethy [amine 
and 10 ul of acetic anhydride to each tube. Fifty ul aliqiiots of each acetylated standard 
and sample, 25 ul of diluted cGMP antiserum (1:14,400) and 25 \i\ of iodinated cGMP 
(15,000 cpm) were mixed in the assay tubes and incubated overnight at 4°C. The assay 
was stopped by adding 50 ul of 5x diluted human plasma containing 4 mmoI/L EDTA, 
10 followed by 1 ml of cold 12% polyethylene glycol. The tubes were vortexed and 
incubated at 4°C for i hour before spinning for 20 min at 1 ,000x g at 4°C. The 
supernatant was aspirated and another I ml of 12% polyethylene glycol was added 
gently to each tube. Tubes were centrifuged as before, the supernatants were aspirated 
and the tubes were counted in a Gamma counter. 

15 

Morphological and Histological Investigation 

Rats were anesthetized with pentobarbital (50 mg/kg body weight) and hearts 
" and kidneys were removed, cleaned, washed in saline, blotted and weighed. Sections of 
the kidney and heart were preserved in 10% buffered formaldehyde solution and 

20 paraffin embedded. Five |im-thick sections were cut and stained with 

hematoxylin-eosin and periodic acid-Schiff (PAS) and analyzed microscopically and 
morphometrically. For linear measurements (diameters), an ocular micrometer was 
calibrated against a stage micrometer and conversion factors were calculated for low 
(4x objective) and high (45x objective) magnifications. All the sections were evaluated 

25 by independent personnel without the prior knowledge of the group in which the rats 
belonged. 

Statistical Analysis 

Data were analyzed using standard statistical methods. Repeated blood pressure 
30 measurements were taken after gene delivery for comparison between control and 
experimental groups at each time point with the use of unpaired Student's t-test and 
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ANOVA and Fisher's protected least significant differences. Group data are expressed 
as mean±SEM Values were considered significantly different at a value of P<0.05, 

Blood Pressure Reduction after Intravenous Injection of Ad. CMV-cHK Adenovirus 
5 Dahl-SS rats (4 weeks old) were fed a high salt (4% NaCl) diet or normal rat 

chow (0.4% NaCl) as controls for 1-2 weeks untilblood pressure differences between 
these two groups reached over 20 mmHg. Rats on a high salt diet were then divided 
into two groups and injected with either Ad.CM V-cHK or Ad.CMV-LacZ adenovirus 
through the tail vein. Systolic blood pressures of these rats were monitored every other 
. 10 day after injection for one week and then once a week. Delivery of the human tissue 

kailikrein gene caused a significant reduction of blood pressure two days after injection. 
A maximal blood pressure reduction in rats injected with Ad. CMV-cHK was observed 
17 days after gene delivery as compared to that of control rats injected with 
Ad.CMV-LacZ ( 1 74.S±0.4 vs. 189.0±0.9 mmHg, mean±SEM, n-6, PO.01). The 
1 5 difference in the blood pressure between the control group and the group receiving 
kailikrein gene delivery persisted until four weeks post injection. 

Expression of Human Tissue Kailikrein after Gene Delivery. 

Expression of the human tissue kailikrein mRNA in Dahl-SS rats after gene 

20 delivery was detected by RT-PCR followed by Southern b!ot analysis using three 

oligonucleotides specific for human tissue kailikrein. Total RNAs were prepared from 
tissues of rats 12 days after gene delivery. The liver and kidney expressed the most 
human kailikrein mRNA followed by adrenal gland, heart and lung. The RT-PCR 
products from rats receiving the Ad.CMV-LacZ gene did not hybridize to the human 

25 tissue kailikrein gene probe. .Similar levels of p-actin mRNA were detected in tissues 
of both experimental and control groups, indicating the quality of these RNA samples. 
These results indicate that Southern blot analysis is specific for human tissue kailikrein 
and that endogenous rat tissue kailikrein family members do not interfere with the 
assay. 

30 

Expression levels of human tissue kailikrein in Dahl-SS rats were measured by 
ELISA. Immunoreactive human tissue kailikrein was detected in the kidney 
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(242,8±39.4 pg/mg protein, n=7) and liver (147.8±2L7 pg/mg protein, n=7) 31 days 
after kallikrein gene delivery. Linear displacement curves for immunoreactive 
kallikrein in the liver and kidney were parallel with the standard curve of human tissue 
kallikrein, indicating their immunological identity. Human tissue kallikrein was not 
5 detected by ELISA in the liver or kidney of rats receiving control adenovirus, 

Ad.CMV-LacZ. The results showed that rabbit anti-human tissue kallikrein antibody is 
specific for human kallikrein and has no cross-reaction with rat tissue kallikrein gene 
family members. 

10 Time-Dependent Expression of Human Tissue Kallikrein 

Following intravenous injection of Ad.CMV-cHK adenovirus, human tissue 
kallikrein levels in rat sera and urine, collected at different time periods, were measured 
by ELISA. The highest level of immunoreactive human tissue kallikrein in rat serum 
was 254±0.1 ng/ml on the third day after gene delivery. Human tissue kallikrein 

1 5 expression lasted for 5-6 weeks and decreased gradually from day 4 to day 36 post 
injection. Also, immunoreactive human tissue kallikrein was detected in the urine of 
Dahl-SS rats and decreased gradually after gene delivery at day 9, 17 and day 21, 
respectively (5.8±1 .3, 2.6±0.7 and 0.8±0.4 ug/100 g body weight per day). Linear 
displacement curves for immunoreactive kallikrein in rat sera and urine were parallel 

20 with the standard curve of human tissue kallikrein, indicating their immunological 
identity. 

Effects of Ad. CMV-cHK Gene Delivery on Physiological Parameters 

Table 1 shows the effects of Ad.CMV-cHK gene delivery on physiological 

25 parameters of Dahl-SS rats on day 9. Urine excretion was significantly increased in 
rats receiving Ad.CMV-cHK adenovirus as compared to rats injected with 
Ad.CMV-LacZ adenovirus (1 1.7±2 3 versus 3.5±0.9 ml/100 g body weight per day, 
mean±SEM; n-6, P<0.05). Similarly, water intake was significantly increased in rats 
receiving kallikrein gene delivery as compared to control rats (12.9±2.0 versus 6.8±0.9 

30 ml/100 g body weight per day, mean±SEM; n=6, P<0.05). Urinary sodium output in 
the Ad.CMV-cHK group significantly increased as compared to the control 
Ad.CMV-LacZ group (0.40±0.03 versus 0.27±0.02 mmol/100 g body weight per day, 
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mean±SEM; n=6, P<0.05). Following kallikrein gene delivery, urinary kinin levels 
increased by 5-fold (50.7±6.7 vs. 9.9±2.2 ng/100 g body weight per day, mean±SEM; 
n=6, P<0.01) and urinary cGMP levels also increased significantly as compared to the 
Ad.CMV-LacZ group (10.7±2.1 vs. 7.6±1.0 nmol/100 g body weight per day, 
5 mean±SEM; n=6, P<0.05). However, no significant changes in heart rate, body weight, 
urinary potassium output, urinary creatinine and total protein excretion were observed 
between Ad.CMV-cHK and Ad.CMV-LacZ groups. 

Morphological Changes in the Heart after Gene Delivery 

10 Table 2 shows that the ratio of left ventricular weight to 100 g body weight is 

significantly decreased in rats injected with Ad.CMV-cHK as compared to control rats 
injected with Ad.CMV-LacZ (0.36±0.02 versus 0.38i0.04, meaniSEM; n=6, P<0.05). 
In addition, the diameter of cardiac myocytes in the group receiving kallikrein gene 
transfer is significantly reduced as compared to that of the Ad.CMV-LacZ group 

15 (16.8±0.3 versus 19.1±0.6 urn, mean±SEM; n=80, PO.05). No significant changes in 
the ratio of whole heart weight, left renal mass, or right renal mass were detected (Table 
2). These results indicate that kallikrein gene delivery attenuated salt-induced cardiac 
hypertrophy in Dahl-SS rats after salt loading. 

20 Morphological Changes in the Kidney after Gene Delivery 

Kallikrein gene delivery was shown to impart protective effects on salt-induced 
renal damage in Dahl-SS rats. The glomerular basement membrane thickening in rats 
receiving kallikrein gene transfer was less than in control rats receiving the LacZ gene. 
Damage to the proximal tubular brush border and dilatation of tubules in rats receiving 

25 kallikrein gene delivery was significantly reduced as compared to control rats. Major 
renal injury induced by high salt loading in the group injected with the control 
adenovirus, Ad.CMV-LacZ, was found in the dilated renal tubules, especially in 
proximal tubules with decreased cell height and increased tubular diameter. Dilated 
tubular lumens accumulated colloid or protein casts which were less evident in the 

30 group receiving kallikrein gene delivery. In addition, severe inflammatory cell 

infiltration around renal arterioles and in interstitial tissues was observed in the control 
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Ad.CMV-LacZ group. These results indicate that kallikrein gene delivery protected 
Dahl-SS rats from salt-induced renal injury. 

The present study shows that a continuous supply of tissue kallikrein by somatic 
5 gene delivery into Dahl-SS rats fed a high salt diet resulted in a sustained reduction of 
blood pressure as well as attenuation of cardiac hypertrophy and renal injury. The 
expression of human tissue kallikrein was detected in tissues involved in cardiovascular 
and renal function, such as the kidney, heart, adrenal gland and lung. High levels of 
immunoreactive human tissue kallikrein were detected in the serum and urine of rats 
1 0 receiving gene delivery, indicating secretion of human kallikrein from the liver and 
kidney. 

The study described herein further demonstrates that tissue kallikrein is 
expressed in the kidney and heart of rats receiving the gene in an adenovirus vector. 

15 Dahl-SS rats fed a high salt diet exhibit salt-induced renal damage, including 

glomerular basement membrane thickening, renal tubular dilation and disruption of the 
proximal tubular brush border. Kallikrein gene transfer exerts a protective effect 
against this damage. In addition, cardiac hypertrophy in Dahl-SS rats was also 
alleviated via tissue kallikrein gene delivery as evidenced by reduction of the diameter 

20 of cardiac myocytes and left ventricular weight. 

II. Adenovirus delivery of atrial natriuretic peptide (ANP) gene 
Materials 

25 Dahl salt-sensitive rats (Dahl-SS, male, four weeks old) (Sprague-Dawley 

Harlan, Indianapolis, IN) were used in this study. Rats were divided into three groups. 
The control group was fed a standard rat chow (0.4% NaCl) (Harlan Teklad, Madison, 
WI). The experimental groups were fed a high salt diet (4.0% NaCl) (Harlan Teklad, 
Madison, WI). All rats had free access to water. Throughout the study period, all 

30 animals were housed in a room that was kept at constant temperature (25±\°C) and 
humidity (60±5%) and was lighted automatically from 8:00 AM to 8:00 PM. AH 
procedures complied with the standards of care and use of animal subjects as stated in 
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the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory 
Resources, National Academy of Sciences, Bethesda, MD). 

Preparation of Replication-deficient Adenovirus Vector Ad.RSV-cANP 
5 Plasmid RSV-cANP was constructed as previous described (47), in which the 

expression of human atrial natriuretic peptide cDNA was under the control of the Rous 
sarcoma virus long terminal repeat (RSV-LTR) enhancer/promoter and was followed 
by a SV40 polyA signal sequence. The transcription unit of RSV-cANP-polyA, 
including the RSV-LTR enhancer/promoter, the human atrial natriuretic peptide cDNA 

10 and Simian virus 40 poly A signal sequence, was released from the RSV-cANP plasmid 
by Sal I digestion. Plasmid pAd.RSV-cANP was constructed by inserting the released 
fragment into the adenovirus shuttle vector pAdLink.l at a Sal I site. The 
pAd.RSV.cANP plasmid DNA was purified using a Qiagen plasmid DNA kit. (Qiagen, 
Chatsworth, CA) and the purified DNA was sent to the Institute for Human Gene 

15 Therapy, Wistar Institute, Philadelphia for generation of adenovirus Ad.RSV.cANP 
harboring the RSV-cANP-polyA transcription unit. Adenovirus harboring the LacZ 
gene under the control of the cytomegalovirus (CMV) enhancer/promoter 
(Ad.CMV-LacZ) was purchased from the Institute for Human Gene Therapy. 

20 Intravenous Delivery of Adenoviral Vectors Ad. RSV-cANP and Ad.CMV-LacZ 

Seven Dahl-SS rats of each group fed with a high salt diet containing 4% NaCI 
were intravenously (IV) injected with either Ad.RSV-cANP or Ad.CMV-LacZ at a 
dosage of 1 .0 x 10 10 pfu (plaque formation unit) per rat through the tail vein. During 
the experimental period, blood was collected daily from the tail vein for the first 8 days 

25 and every 2 days from 9 to 36 days after injection. Rat serum samples were frozen at 
-80°C for examining the expression level of human ANP. 

Blood Pressure Measurement 

The systolic blood pressure of rats was measured with a manometer-tachometer 
30 (Nastume KN-210; Nastume Seisakusho Co. Ltd., Tokyo, Japan ) using the tail-cuff 
method (41). Unanesthetized rats were introduced into a plastic holder mounted on a 
thermostatically controlled warm plate, which was maintained at 33-35°C during 
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measurement. An average of ten readings was taken for each animal after they became 
acclimated to the environment. 

Urine Collection and Analysis of Physiological Parameters 
5 Twenty-four hour urine of rats was collected in metabolic cages at 5, 11, and 25 

days post gene delivery. Rats were fed a 4% NaCl diet for three hours before being 
placed in metabolic cages supplied with drinking bottles. To eliminate contamination 
of urine samples, animals received only water during the 24 hour collection period. 
Urine was collected and centrifuged in a microfuge at 1,000 x g to remove particles. 
10 The volume of the supernatant was measured and stored at -20°C until analysis. Each 
sample was used to measure urinary cyclic GMP (cGMP), sodium output, total protein 
and kinin. 

Tissue Preparation 

15 At the end of the experiment, all rats were anesthetized intraperitoneal ly with 

pentobarbital at a dose of 50 mg/kg body weight. Blood samples were collected by 
direct cardiac puncture and chilled at 4°C overnight. The blood samples were 
centrifuged at 1 ,000 x g for 20 min and sera were removed and frozen at -20°C. At the 
same time, rats were perfused with normal saline (0.9% NaCl) via the heart. The whole 

20 heart, left ventricle and left and right kidneys were removed and weighed. Tissues of 
interest were removed and total RNAs were extracted by the guanidine 
isothiocyanate-cesium chloride ultracentrifugation method. The extracted RNA was 
quantified spectrophotometrically by absorbance at 260 nm, dissolved in diethyl 
pyrocarbonate-treated water and stored at -80°C for further use. 

25 

Radioimmunoassay (RJA) for Human ANP 

The level of human atrial natriuretic peptide in each tissue extract was 
determined by a RIA specific for human ANP. Ten micrograms of human synthetic 
ANP (Ser 99-Tyr 126) (Sigma Chemical Co., St. Louis, MO) was labeled with 1 mCi 
30 of ,25 -Iodine which was iodinated with iodogen for 10 min at room temperature. The 
iodinated ANP in 250 mmol/L sodium phosphate buffer, pH 7.0, was separated on a 
reverse-phase C-18 HPLC column in an acetonitrile gradient. I25 1-ANP labeled tracer 
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which was eluted from the column at 19-20 min post- injection was identified by 
antibody titration. Serial dilutions of standard ANP (10 pg- 12 80 pg) or tissue extracts 
(100 pi) were incubated with goat-anti-human ANP antiserum (I: 1500 dilution, Sigma 
Chemical Co., St. Louis, MO) in a solution containing 0.01 mol/L PBS, pH 7.4, 0.>%- 
5 BSA, 0.1% Triton XI 00, 0.1 mmoI/L EDTA and 0.1% sodium azide and i25 I-ANP 
tracer (10,000 cpm in 100 pi) in a total volume of 400 ul for 18-24 hours at 4°C. The 
reaction was stopped by adding 800 ml of 25% polyethylene glycol (PEG) in PBS 
containing 0.1% sodium azide and 400 ml of 1% bovine gamma-globulin in PBS 
containing 0. 1 % sodium azide. The radioactivity of the precipitate was determined in a 
10 gamma counter. 

Radioimmunoassay (RIA) for cyclic GMP 

The procedure for assay of cGMP was conducted as previously described (48). 
The iodination was performed by adding 20 ul of 50 mmol/L phosphate buffer to 25 pg 

15 (in 10 u.1 of 0.5 mol/L potassium phosphate buffer, pH 7.4) of 

2 , -0~monosuccinylguanosine 3':5'-cyclic monophosphate lyrosyl methyl ester 
(cGMP-TME, Sigma Chemical Co.), followed by 5 pi of Na ,25 I (0.5 mCi). Twenty ul 
of 0.01% chloramine T (Sigma Chemical Co.) solution was added to the mixture and 
incubated for 30 sec. The reaction was stopped by adding 50 ul of 25% acetic acid. 

20 The resultant mixture was subjected to C-18 reversed phase HPLC to separate the 
iodinated cGMP-TME from free iodine. Standards (10, 5, 2.5, 1.25, 0.63, 0.32, 0.16 
and 0.08 nmol/L) and urine samples were acetylated by adding 20 pi of triethylamine 
and 10 ul of acetic anhydride to each tube. Fifty pi aliquots of each acetylated standard 
and sample, 25 pi of diluted cGMP antiserum (1:14,400) and 25 pi of iodinated cGMP 

25 ( 1 5,000 cpm) were mixed in the assay tubes and incubated overnight ( 1 6 hours) at 4°C. 
The assay was stopped by adding 50 pi of 5x diluted human plasma containing 4 
mmol/L EDTA, followed by 1 ml of cold 12% polyethylene glycol. The tubes were 
vortexed and incubated at 4°C for 1 hour before spinning for 20 min at 1 ,000x g at 4°C. 
The supernatant was aspirated and another 1 ml of 12% polyethylene glycol was added 

30 gently to each tube. Tubes were centrifuged as before, the supernatants were aspirated 
and the tubes were counted in a Gamma counter. 
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Measurements of Renal Function: Glomerular Filtration Rate and Renal Blood Flow 

At the end of the experiment, rats were anesthetized intraperitoneal ]y with 
pentobarbital at a dose of 50 mg/kg body weight and placed on a heated table for 
maintenance of body temperature at 37°C (49). After tracheotomy, a cannula was 
5 placed in a jugular vein for infusion of liquids. A cannula was placed in the left 

femoral artery for measurement of blood pressure and for blood sampling. The bladder 
was cannulated to allow urine collection from both kidneys. During the experiment, 
0.9% NaCl containing inulin and 2% PAH was infused through the jugular vein at a 
constant infusion rate of 1.2 ml/hour. Forty-five minutes was allowed for the 
10 preparation to reach a steady state before study. Timed urine collections were obtained, 
with blood collected (0.7 ml) between pairs of clearance periods. 

At the end of each experiment, the kidneys were excised, blotted and weighed. 
Urine volume was determined gravimetrically. Inulin and PAH concentrations were 
15 determined by modified anthrone and colorimetric methods, respectively (50,51). GFR 
was determined from the clearance of inulin. RBF was determined from the clearance 
of PAH. Clearance data were normalized to kidney weight. 

Morphological and Histological Investigation 

20 Rats were anesthetized with pentobarbital (50 mg/kg body weight) and hearts, 

aortas and kidneys were removed, cleaned, washed in saline and weighed. Sections of 
the kidney, heart and aorta were preserved in 10% buffered formaldehyde solution and 
paraffin embedded. Five um-thick sections were cut and stained with 
hematoxylin-eosin and periodic acid-Schiff (PAS) and analyzed microscopically and 

25 morphometrically. For linear measurements (diameters), an ocular micrometer was 
calibrated against a stage micrometer and conversion factors were calculated for low 
(4x objective) and high (45x objective) magnifications. AH the sections were evaluated 
by independent personnel without the prior knowledge of the group in which the rats 
belonged. 

30 
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Statistical Analysis 

Data were analyzed using standard statistical methods. Repeated blood pressure 
measurements were taken after gene delivery for comparison between control and 
experimental groups at each time point using the unpaired Student's Mest and ANOVA 
5 and Fisher's protected least significant differences (PLSD). Group data are expressed 
as meaniSEM. Values were considered significantly different at P<0.05. 

Blood Pressure Reduction after Intravenous Injection o/Ad.RSV-cANP Adenovirus 
Dahl-SS rats (4 weeks old) were fed a high salt (4% NaCl) diet or normal rat 

1 0 chow (0.4% NaCl) as controls for 1 -2 weeks until blood pressure differences between 
these two groups reached over 20 mmHg. Dahl-SS rats on a high salt diet were then 
divided into two groups and intravenously injected with either Ad.RSV-cANP or 
Ad.CMV-LacZ through the tail vein. Blood pressures of these rats were monitored 
every 2-3 days after injection for six weeks. Delivery of the human ANP gene caused a 

15 significant reduction of blood pressure three days after injection and the effect lasted 
for five and one half weeks, as compared to the rats receiving Ad.CMV.LacZ 
adenovirus. A maximal blood pressure reduction in Dahl-SS rats injected with 
Ad.RSV.cANP was observed 27 days after gene delivery as compared to that of control 
rats injected with Ad.CMV-IacZ (1 78.7±5.1 vs. 21 L5±5.9 mmHg, mean±SEM, n=6, 

20 P<0.01). However, the blood pressure of control rats with a normal salt diet remained 
around 135-145 mmHg throughout the experimental period. 

Expression of Human Atrial Natriuretic Peptide after Gene Delivery. 

Expression levels of human ANP in Dahl-SS rats were analyzed by a 

25 radioimmunoassay specific for human ANP. Immunoreactive human ANP was 

detected in the heart (53.4 ng/mg protein), lung (2.4 ng/mg protein) and kidney (13.04 
ng/mg protein) seven days after intravenous injection of the human ANP gene. Linear 
displacement curves for immunoreactive ANP in the heart, lung and kidney of Dahl-SS 
rats were parallel with the standard curve of human ANP, indicating their 

30 immunological identity. A serial dilution of heart, lung and kidney extracts from 

control rats injected with Ad.CMV.LacZ did not show parallelism with the human ANP 
standard. These results indicate that goat anti-human ANP antibody has some cross- 
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reactivity with rat ANP, however, human and rat ANP are not immunologically 
identical and are distinguished in the RIA. 

Effects of Ad.RSV-cANP Gene Delivery on Physiological Parameters 
5 Table 3 shows the effects of Ad.RSV-cANP gene delivery on physiological 

parameters of Dahl-SS rats on day 1 1 . Urine excretion was significantly increased in 
the group receiving Ad.RSV-cANP adenovirus as compared to the group injected with 
Ad.CMV-LacZ adenovirus (16.7±2.7 versus 1 1.8±1.7 ml/100 g body weight per day, 
mean±SEM; n=6, P<0.05). However, water intake was slightly but not significantly 

10 increased in the group receiving Ad.RSV-cANP as compared to the control group 
(12.0±3.0 versus 9.9±2.7 ml/100 g body weight per day, mean±SEM; n=6). Also, 
urinary sodium output in the Ad.RSV-cANP group significantly increased by 64% as 
compared to those rats receiving Ad.CMV-LacZ (0.72±0.06 versus 0.44±0.07 
mmol/1 00 g body weight per day, mean±SEM; n=6, PO.05). Urinary cGMP levels 

1 5 increased by 4.8 fold as compared to the Ad.CMV.LacZ group (36.43±13.73 versus 
7.62±1 .02 nmol/100 g body weight per day, mean±SEM, n^6, P<0.05). However, no 
significant changes in heart rate, body weight, water intake and urinary total protein 
excretion were observed between Ad.RSV-cANP and Ad.CMV-LacZ groups 1 1 days 
after gene delivery. 

20 

Morphological Changes in the Heart and Kidney after Atrial Natriuretic Peptide Gene 
Delivery 

Table 4 shows that the ratio of whole cardiac weight to 100 g body weight was 
significantly decreased in rats injected with Ad.RSV.cANP as compared to control rats 

25 injected with Ad.CMV-LacZ (0.43±0.03 versus 0.54±0.04, mean±SEM; n=6, P<0.05). 
Also, the ratio of left ventricular weight to 1 00 g body weight was significantly 
decreased in rats injected with Ad.RSV.cANP as compared to control rats injected with 
Ad.CMV.LacZ (0.32±0.003 versus 0.41±0.04, mean±SEM; n=6, P<0.05). In addition, 
the diameter of cardiomyocytes in the group receiving ANP gene delivery was 

30 significantly reduced as compared to that of the Ad.CMV-LacZ group (1 5.22±0. 13 
versus 19.07±0.16 \im, mean±SEM; n=I20, P<0.05). Similarly, the ratio of average 
renal mass to 100 g body weight was also significantly decreased in rats injected with 
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Ad.RSV.cANP as compared to that of control rats injected with Ad.CMV.LacZ 
(0.55±0,03 versus 0.61±0.01, mean±SEM; n=6, PO.05). However, a normal salt diet 
did not cause severe cardiac or left ventricular hypertrophy and enlargement of average 
renal mass and the size of cardiomyocytes in control rats with 0.4% NaCl diet as 
5 compared to those in high salt loading groups with either Ad.RSV-cANP or Ad.CMZ- 
LacZ injection (Table 4). No significant differences in the aortic weight to lOO gbody 
weight were observed among these three groups. These results indicate that salt- 
induced cardiac hypertrophy and enlargement of renal mass in Dahl-SS rats were 
attenuated by ANP gene delivery. 

10 

Effects on Renal Function after Atrial Natriuretic Peptide Gene Delivery 

After human ANP gene delivery, glomerular filtration rate in Ad.RSV.cANP- 
injected rats significantly increased by 3.3 fold as compared to rats receiving Ad.CMV- 
LacZ injection (0.56±0.06 versus 0.17±0.05 ml/min/g kidney weight, mean±SEM, n=3 

15 or 4, P<0.05) and significantly decreased by 2 fold as compared to control rats with a 
normal salt diet (0.56±0.06 versus 1.19±0.17 ml/min/g kidney weight, mean±SEM, n=3 
or 4, PO.05) (Table 5). Also renal blood flow in Ad.RS V-cANP-injected rats was 
significantly increased by 38 fold as compared to rats receiving Ad.CMV-LacZ 
injection (6.95±0.31 versus 0.18±0.07 ml/min/g kidney weight, mean±SEM, n=3 or 4, 

20 P<0.05), but no significant change was observed between ANP and control groups. 
The PAH clearance through both kidneys of Ad.RS V-cANP-injected rats, though with 
a high salt loading, remained to be as good as that of control rats, but it significantly 
decreased by up to 46 fold in Ad.CMV-LacZ injected rats as compared to the Ad.RS V- 
cANP group (0.04±0.02 versus 1.78±0.71 mg/min/g kidney weight, mean±SEM, n~3 

25 or 4, PO.05). However, urine flow rate was slightly but not significantly decreased in 
the Ad.RSV-cANP group as compared to the Ad.CMV-LacZ group and control group 
with a normal salt diet (2.5±0.65 versus 5.61±1.77 and 6.12±2.75 u.l/min/g kidney 
weight, meaniSEM, n=3 or 4). In addition, hematocrit in the Ad.CMV-LacZ group 
was also decreased by 22% as compared to Ad.RSV-cANP and control groups (44±6 

30 versus 56±2 and 57±3%, mean±SEM, n=3 or 4, PO.05). These results indicate that 
salt-induced renal damage causing the loss of renal functions including glomerular 
filtration and tubular reabsorption of water and electrolytes were attenuated after human 
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ANP gene delivery. The decreased hematocrit in the Ad.CMV-LacZ group with high 
salt loading was due mainly to total fluid volume expansion and sodium retention. 

Histological Changes in the Kidney and Heart after Atrial Natriuretic Peptide Gene 
5 Delivery 

ANP gene deliver imparts a protective effect on salt-induced renal damage in 
Dahl-SS rats. In the Ad.CMV-LacZ group, the major cortical damage included 
thickening of glomerular basement, especially obvious in PAS-stained tissue sections. 
Medullary injury induced by high salt loading was apparent in accumulated colloid or 

10 protein casts of dilated renal tubules. In addition, arterial thickening with proliferation 
in all layers was found in the LacZ group. Abnormal interstitial and epithelial cells 
were seen in the salt loaded LacZ group. These lesions, which undoubtedly cause renal 
dysfunction, were rarely seen in the Ad.RSV-cANP-treated rats. These results indicate 
that adenovirus-mediated gene delivery of ANP protected Dahl-SS rats fed a high salt 

1 5 diet from salt-induced renal injury and dysfunction. 

A protective effect of ANP gene delivery on salt-induced left ventricular 
hypertrophy in Dahl-SS rats was also observed. The high salt loading, which caused 
sodium retention and hypertension, resulted in an enlarged average diameter of 
20 cardiomyocytes in Dahl salt sensitive rats with Ad.CMV-LacZ injection. Diffused 
interstitial proliferation was found in the LacZ group but not in the group that received 
ANP gene delivery. 

These data demonstrate that expression of ANP was detected in tissues relevant 
25 to cardiovascular and renal function, such as the kidney, lung and heart. Furthermore, 
the present study shows that a continuous supply of ANP by adenovirus-mediated gene 
delivery into Dahl-SS rats fed a high salt diet resulted in a sustained reduction of blood 
pressure as well as attenuation of cardiac hypertrophy and renal injury. ANP gene 
transfer in Dahl-SS rats fed a high salt diet exerts protective effects in salt-induced 
30 renal damage including thickening in the basement membrane of glomeruli, dilated 

renal tubules with the accumulation of colloid or protein casts, preservation of the brush 
border of the proximal tubules. 
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III. Delivery of TK gene in adenovirus vector to treat nephrotoxicity 

Preparation of replication-deficient adenoviral vector Ad. CMV-cHK 

Plasmid CMV-cHK was constructed as previously described (52), in which the 
5 expression of human tissue kallikrein cDNA was under the control of the 

cytomegalovirus enhancer/promo tor and was followed by the bovine growth hormone 
gene polyadenylation signal sequence. Plasmid pAd.CMV-cHK was constructed by 
inserting the CMV-cHK -pA transcription unit into the adenoviral shuttle vector 
pAdLink. 1 at an EcoRV site. The pAd.CMV-cHK plasmid DNA was purified using a 

10 Qiagen plasmid DNA kit (Qiagen, Chatsworth, CA) and the purified DNA was sent to 
the Institute for Human Gene Therapy, Wistar Institute, Philadelphia, PA for generating 
adenovirus Ad.CMV-cHK harboring the CMV-cHK-polyA transcription unit. 
Adenovirus harboring the LacZ gene under the control of the cytomegalovirus 
enhancer/promoter (Ad.CMV-LacZ) was obtained from the Institute for Human Gene 

15 Therapy. 

Animal treatment 

Sprague-Dawley rats (male, 200-220 g body weight, Harlan Sprague Dawley, 
Inc., Indianapolis, IN) were used in this experiment. The rats were housed at a constant 

20 room temperature with a 12 hr light/dark cycle and had free access to tap water and rat 
chow. The rats were divided at random into four groups with six animals in each group. 
The first group was injected subcutaneously with normal saline (0.9% NaCl). The other 
three groups received gentamycin sulfate (Sigma Chemical, St. Louis, MO) 
subcutaneously at a dose of 80 mg/kg in saline solution. The injection was carried out 

25 for 10 consecutive days. The third group was injected with adenovirus Ad.CMV-LacZ 
and the fourth group with adenovirus Ad.CMV-cHK (4 x 10 10 plaque-forming units) 
via the tail vein on the first day of gentamycin treatment. 

Blood pressure measurement 
30 Systolic blood pressure was measured with a photoelectric tail cuff device 

(Natsume Co., Tokyo, Japan). This device requires minimal warming of the rats 
(usually <20 min) prior to blood pressure determination and a brief period of restraint 
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in a plastic cage. An average of ten readings was taken for each animal. Heart rate were 
measured on the same day of blood pressure measurement. Body weights were 
recorded daily. 

5 RT-PCR Southern blot analysis of human tissue kallikrein mRNA 

Total RNA was extracted from fresh rat tissues by TRIZOL (BRL, Grand 
Island, NY). The reaction mixture for RT contained ( fig of total RNA from several 
tissues, 20 pmol of the 3' primer (5'-GCCACAAGGGACGTAGC-3 r located on the fifth 
exon of the human tissue kallikrein gene) (SEQ ID NO:4), 20 nrnol of dNTP, 0.2 mmol 

10 of DTT, 4 A^l of 5 x reverse transcription buffer (250 mM Tris-HCK pH 8.3, 375 mM 
KG, 15 mM MgCL) and 200 U of Maloney murine leukemia virus reverse 
transcriptase (BRL, Gaithersburg, MD) in a total volume of 20 /uL The reverse 
transcription reaction mixture was incubated at 37 °C for 1 hr to synthesize the first 
strand of cDNA. Twenty pmol of 5' primer (5'-CATTTCAGCACTTTCCA-3' located 

15 on the second exon of the human tissue kallikrein gene) (SEQ ID NO:5), 5 jul of lOx 
PCR buffer and 0.5 U of Taq DNA polymerase were added to the RT mixture to a total 
volume of .50 fA followed by 30 cycles of hot-start PCR (94°C, 1 mm; 55 °C, 1 min; 
72 °C, 1 min) with Amp li wax (Perkin-Elmer Cetus Instruments, Norwalk, CT) in a 
thermal cycler. Thirty u\ of RT-PCR products were subjected to a Southern blot 

20 analysis. A specific oligonucleotide (5'-ACGACCTTCACAGCGTC-3' located on the 
third exon of the human tissue kallikrein gene) (SEQ ID NO:6) was used as a probe for 
hybridization at 42 °C. The membrane was washed in 6x SSC twice at room 
temperature and exposed to X-Omat film at -80 °C (Eastman Kodak Co., Rochester, 
NY). 

25 

Serum and urine collection 

At various time points after injection of adenoviral vectors, serum was collected 
and measured for human tissue kallikrein levels. The 24 hr urine samples were 
collected on day 7 using metabolic cages. To eliminate the contamination of food 
30 particles in urine samples, rats only received tap water during the collection period. 
Urine samples were collected and centrifuged at lOOOx g to remove particles. The 
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volume was measured and the supernatant was used for further analysis. Blood urea 
nitrogen was measured on day 10 by a modified urease- indophenol method (53). 

Enzyme-linked immunosorbent assay (ELISA) for human tissue hallikrein 
5 The level of human tissue kallikrein in serum was determined by ELISA (42). 

Briefly, a 96-well Microplate was coated with human tissue kallikrein immunoglobulin 
G (1 ^g/ml in PBS, 100 ^l/well) at 4°C overnight. The plate was blocked with 200 ^1 
of PBS containing 1% bovine serum albumin at 37°C for 1 hr and washed three times 
with PBS containing 0.1% Tween-20. One hundred microliters of human tissue 

10 kallikrein standard (0.4 ng/ml to 25 ng/ml) or samples were added into each well. The 
plate was incubated at 37°C for 1.5 hr and washed. Biotin-labeled human tissue 
kallikrein immunoglobulin G was added to each well at a concentration of 1 jug/ml in a 
total volume of 1 00 fA. The plate was incubated at 37°C for 1 hr and washed. Avidin- 
peroxidase at a concentration of 1 /ig/ml and 100 ^l/well was added and incubated with 

15 the substrate solution (3 mg of 2,2'-azinobis (3-ethylbenzthiazoline) sulfuric acid, 10 pi\ 
of 3% H,0 : in 10 ml of 0.1 M citric acid, pH 4.3). After 30 min, the plate was read on an 
ELISA plate reader at 414 run for absorbance. 

Urinary NOx (nitrite/nitrate) and kinin measurements. 
20 Urine samples were sent to the New York Medical College for measurements of 

NOx content. Urinary NOx contents were measured by a calorimetric assay based on 
the Griess reaction (54). Urinary kinin levels were measured by a direct kinin 
radioimmunoassay as previously described (55). 

25 Measurement of urine flow rate, glomerular filtration rate and renal blood flow. 

Rats were anesthetized with pentobarbital (50 mg/kg, ip) and placed on a 
heating pad for maintenance of body temperature at 37 °C. After tracheotomy, a 
cannula was placed in the jugular vein for infusion of fluids and drugs. A cannula was 
placed in the right femoral artery for the measurement of blood pressure and for blood 

30 sampling. The bladder was cannulated to allow urine collection from the right kidney. 
The left kidney was exposed by a flank incision, freed of perirenal tissue, placed in a 
Lucite cup and bathed in 0.9% NaCl and then the ureter was cannulated. Hydropenic 
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preparations were maintained by an intravenous injection of 1.2 ml of 0.9% NaCl 
containing 10% polyfructosan (Inutest, Laevosan-Gesellschaft, EstermannsfraBe, 
Austria) and 2% para-aminohippuric acid (PAH) (Merck Sharp & Dohme, West Point, 
PA) via the cannula in the jugular vein during the experimental period. Forty-five 
5 minutes was allowed for the preparation to reach a steady state. Timed urine 

"collections were obtained, with blood (0.6 ml) collected between clearance periods. 
For maintenance of hematocrit, red blood cells from each blood sample were 
reconstituted to the same volume with 0,9% NaCl and reinjected through the arterial 
cannula. At the end of each experiment, kidneys were excised, blotted and weighed. 

10 Urine volume was determined gravimetrically. Polyfructosan and PAH concentrations 
were determined by modified anthrone and colorimetric methods, respectively (56). 
Glomerular filtration rate (GFR) and renal plasma flow (RPF) were determined from 
the clearance of polyfructosan and PAH, respectively. Renal blood flow (RBF) was 
calculated from RPF and hematocrit. Clearance data were normalized to kidney 

1 5 weight. 

Morphological and histological investigation 

Rats were anesthetized with pentobarbital (50 mg/kg body weight) and hearts 
and kidneys were removed, cleaned, washed in saline, blotted and weighed. The right 

20 ventricular free wall was carefully dissected from the left. The intraventricular septum 
was thus included in the left ventricular weight. Values from statistical analyses are 
reported as mean±SEM. Sections of the kidney and heart were preserved in 4% 
buffered formaldehyde solution and embedded in paraffin. Five /^m-thick sections were 
cut and stained with hematoxylin-eosin and/or periodic acid-Schiff (PAS) and analyzed 

25 microscopically and morphometrically. For assessing the hypertrophy of myocardial 
cells, the shortest transverse diameter of fibers sectioned through the nuclei was 
measured with an ocular with an engraved measuring scale. An ocular micrometer was 
calibrated against a stage micrometer and conversion factors were calculated for low 
(4x objective) and high (45 x objective) magnifications. The mean diameter of 400 

30 cardiomyocytes in each group was measured with a calibrated eyepiece at a 

magnification factor of 450x. All sections were evaluated by independent personnel 
without the prior knowledge of the group in which the rats belonged. 
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Statistical analysis 

Group data are expressed as mean±SEM. Statistical analysis was performed by 
ANOVA (analysis of variance) and Student's Mest. Differences were considered 
significant at a value of P<0.05. 

Expression of human tissue kallikrein mRNA in rats receiving kallikrein gene delivery. 

Human tissue kallikrein mRNA in tissues of rats receiving gene delivery was 
analyzed by RT-PCR followed by Southern blot analysis using specific oligonucleotide 
probes for human tissue kallikrein. Total RNAs were prepared from heart, liver, 

10 kidney, and aorta four days after intravenous injection of the adenoviral Ad.CMV-cHK 
carrying the human tissue kallikrein gene or the control adenovirus Ad.CMV-LacZ 
carrying the p-galactostdase gene under the control of the cytomegalovirus (CMV) 
promoter. Human tissue kallikrein mRNA was detected mainly in the liver and kidney 
and to a lesser extent in the heart and aorta. The expression of human tissue kallikrein 

15 mRNA was not detected in control rats receiving Ad.CMV-LacZ. Similar levels of p- 
actin mRNA were detected in tissues of rats injected with Ad.CMV-cHK or Ad.CMV- 
LacZ, indicating the integrity of RNA in these samples. The results show that human 
tissue kallikrein is expressed in rat tissues relevant to cardiovascular and renal function 
following gene transfer. 

20 

Time course of immunoreactive human tissue kallikrein in rats receiving 
kallikrein gene delivery. Immunoreactive human tissue kallikrein levels in rats 
receiving kallikrein gene delivery were measured by an ELISA specific for human 
tissue kallikrein. Human tissue kallikrein in serum and urine of rats receiving gene 

25 delivery displayed parallelism to the human tissue kallikrein standard, indicating their 
immunological identity. No immunoreactive human tissue kallikrein was detected in 
serum or urine of control rats receiving adenovirus Ad.CMV-LacZ. Following 
intravenous injection of adenovirus Ad.CMV-cHK, serum levels of immunoreactive 
human tissue kallikrein increased rapidly, reaching the highest level of 744±107 ng/ml 

30 (mean±SEM, n=5) at three days post gene delivery and declined gradually. 
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Decreased blood urea nitrogen in rats receiving kallikrein gene delivery. 

At 10 days post gene delivery, the gentamycin-treated group with or without 
Ad.CMV-LacZ gene delivery had four times higher levels of blood urea nitrogen 
(BUN) than the control group given saline (85.4±0.6 and 85.4±1.2 vs. 19.0±0.3 mg/100 
5 ml, n=4, P<0.01). The BUN levels (28.6±0.3 mg/100 ml serum, n-4) in rats injected 
with gentamycin and Ad.CMV-cHK were markedly reduced to those of control rats 
injected with only saline (19.0±0.3 mg/100 ml serum). 

Effects of kallikrein gene delivery on the physiological parameters in gentamycin- 

1 0 induced nephrotoxicity in rats. 

Table 6 shows the results of physiological analysis of gentamycin-treated rats 
seven days after gene delivery. There were no apparent changes in the body weight, 
blood pressure, heart rate, urine volume and water intake among the groups with 
gentamycin administration or between rats injected with Ad.CMV-LacZ vs. Ad.CMV- 

15 cHK. However, urinary kinin levels increased three- fold after kallikrein gene delivery 
as compared to Ad.CMV-LacZ group (78.4±24.1 vs. 26.5±4.5 ng/100 g body 
weight/day, n=3, P<0.01) in gentamycin-treated rats . Urinary human tissue kallikrein 
(3.2±0.9 ^g/1 00 g body weight/day, n=3) can be detected in rats seven days post- 
kallikrein gene delivery but not in rats injected with Ad.CMV-LacZ. 

20 

Effects of kallikrein gene delivery on the renal function in gentamycin nephrotoxic rats. 

Table 7 shows the results of renal hemodynamics in gentamycin nephrotoxic 
rats ten days after gene delivery. The kidney weights of rats treated with gentamycin 
with or without Ad.CMV-LacZ or Ad.CMV-cHK gene delivery is significantly higher 

25 than those of control rats injected with saline. Kallikrein gene delivery caused a 

significant increase in urine flow (18.5 ± 0.4 ^i/min/g kidney weight, n=4, P<0.01) as 
compared to the group receiving control adenovirus Ad.CMV-LacZ (5.0 ± 0.2 pcl/min/g 
kidney weight, n-4), gentamycin alone (4.4 ± 0.3 /^1/min/g kidney weight, n=4) or 
control rats injected with saline (5.7 ± 0.4 ^1/min/g kidney weight, n=4). Similarly, 

30 GFR (3.07 ± 0.07 vs. 0.83 ± 0.04 Atl/min/g kidney weight, n=4, PO.01) and RBF (32.0 
± 2.1 vs. 9.2 ± 0.6 Ml/min/g kidney weight, n=4, PO.01) were significantly increased 
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in rats injected with Ad.CMV-cHK compared to rats receiving the control adenovirus 
Ad.CMV-LacZ. 

Protective effects ofkallikrein gene delivery on cardiac hypertrophy in gentamycin 
5 nephrotoxic rats. 

The mean left ventricular weight of the gentamycin-treated rats with or without 
Ad.CMV-LacZ increased significantly (0.34±0.02 g/100 g body weight, and 0.32*0.03 
g/100 g body weight, n=4) as compared to that of rats injected with saline alone 
(0.26±0.01 g/lOOg body weight, n=4, P<0.01) and kallikrein gene delivery significantly 

10 reduced left ventricular weights (0.27±0.01 g/100 g body weight, n=4, PO.01) to those 
of control rats. Similarly, the mean cardiomyocyte diameter of the gentamycin-treated 
group with or without Ad.CMV-LacZ increased significantly (13.9±0.1 jum, n=400 and 
13.8±0.3 jum, n=400) as compared to that of rats injected with saline alone (1 1.7±0.5 
/urn, n=400, P<0.0\) and kallikrein gene delivery significantly reduced cardiomyocyte 

15 size as compared with rats receiving Ad.CMV-LacZ (1 1 .0±0.2 vs. 13.9±0. 1 jurn, n=400, 
P<0.01). These results show that somatic delivery of the human tissue kallikrein gene 
attenuates cardiac hypertrophy in this model of rats with nephrotoxicity. 

Effects ofkallikrein gene delivery on kidney morphology. 

20 The morphology of sections of the kidney stained with hematoxylin and 

eosin (H&E) was examined with light-microscopy. The fixation, embedding and 
staining of non-treated control animais resulted in well preserved kidney 
morphology in both the cortex and medulla. Widespread areas of tubular dilation 
and damage were observed ten days after gene delivery in the renal cortex of rats 

25 injected with gentamycin and Ad.CMV-LacZ. Most proximal tubules were 
damaged and many were filled with necrotic cells. Distal tubules exhibited less 
damage and collecting ducts appeared relatively normal. Cortical renal tubular 
lumen were often filled with protein casts. Medullary tubules did not appear 
damaged in structure, but protein casts often filled the lumens, particularly in the 

30 outer medulla. In the kallikrein gene-treated group (Ad.CMV-cHK), swelling of 
proximal tubular cells was seen, but frank cellular necrosis was rare. Fewer dilated 
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renal tubules were observed after kallikrein gene delivery than in the Ad.CMV- 
LacZ group. 

The morphology of kidney sections stained by periodic acid Schiff 
5 reaction (PAS) for carbohydrates of brush borders and basement membranes was 
also examined. The morphology of the kidney in control rats without gentamycin 
treatment was well preserved in both the cortex and medulla. In the renal cortex 
of rats injected with gentamycin and Ad.CMV-LacZ ten days after gene delivery, 
iumenal casts were generally PAS-positive, most probably derived from sloughed 

10 brush border glycoprotein of damaged proximal tubule cells. In the kallikrein 
gene-treated group (Ad.CMV-cHK), PAS staining of sections from these animals 
often showed intact brush borders on proximal tubule cells. Although protein 
casts were found in the outer medulla, they were not as large or as abundant as in 
the Ad.CMV-LacZ group. Glomeruli appeared relatively normal in the Ad.CMV- 

15 cHK group. 

At 14 days post injection, renal damage was comparable to that seen after 
ten days of gentamycin treatment but was more wide-spread in the kidneys of the 
Ad.CMV-LacZ animals, in which tubular dilation and necrosis were very 

20 extensive. Indeed, few normal proximal tubules were observed and many protein 
casts were present in the outer medulla. By contrast, kidneys of animals of the 
kallikrein gene-treated group exhibited morphological indications of recovery. 
Renal tubular damage was not as severe as the damage seen in the Ad-CMV-LacZ 
group. Enlarged nuclei and mitotic structures were often observed in renal tubular 

25 cells, suggesting the likelihood of renal tubular regeneration. Few protein casts 
were present in the medulla. In all cases, despite the obvious tubular damage in 
all animals treated with gentamycin, the renal corpuscles (glomeruli and 
Bowman's capsule) exhibited little histological evidence of damage when stained 
with H&E. 

30 

This study demonstrates that adenovirus-mediated delivery of the human 
tissue kallikrein gene via intravenous injection displayed protective effects on 
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gentamycin-induced nephrotoxicity in rats. High levels of recombinant human 
tissue kallikrein were found in the rat blood stream and urine in a time-dependent 
manner following injection of the adenovirus carrying the human tissue kallikrein 
gene. Kallikrein gene delivery significantly attenuated proximal tubular damage: 
5 loss of brush border as well as frank cellular necrosis, and reduced protein casts of 
lumens of medullary tubules. In addition, kallikrein gene delivery also enhanced 
renal function and inhibited cardiac hypertrophy. The expression of human tissue 
kallikrein mRNA was identified in tissues relevant to cardiovascular and renal 
function such as the kidney, aorta and heart. 

10 

In addition to the morphological changes, significant increases in urine 
flow, GFR and RBF as well as a significant decrease in elevation of blood urea 
nitrogen levels were observed in gentamycin-treated rats after kallikrein gene 
delivery. These results showed that systemic delivery of the human tissue 
15 kallikrein gene had protective effects on renal function in this rat model of acute 
renal failure. 

In conclusion, adenovirus-mediated human tissue kallikrein gene delivery 
has protective effects on nephrotoxicity and cardiac hypertrophy in rats with 
20 gentamycin administration. Although gentamycin-induced nephrotoxicity can be 
treated with drugs or dietary supplements such as fish oil or calcium (57), these 
treatments require daily administration. This study shows that kallikrein gene 
delivery, attenuates renal injury as well as enhances renal function. 

25 IV. Production of a nucleic acid comprising a nucleic acid encoding tissue 
kallikrein and a nucleic acid encoding atrial natriuretic peptide and 
production of an adenovirai vector comprising a nucleic acid comprising a 
nucleic acid encoding tissue kallikrein and a nucleic acid encoding atrial 
natriuretic peptide. 

30 

Full length cDNAs or genes encoding TK and ANP can be subcloned into 
a eukaryotic expression vector under the control of a CMV promoter or RSV 3- 
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LTR promoter. The transcription unit, including the CMV or RSV promoter, TK 
and ANP gene or cDNA and an SV40 polyA sequence can be inserted into the Ad. 
link. 1 adenovrial shuttle vector. After confirmation by DNA sequencing, the 
plasmid DNA containing the desired insert can be purified and used to co-infect 
5 human embryonic kidney cells 293 (ATCC accession number CRL 1573) with a 
recombinant-deficient adenovirus type 5 with an El A deletion. The viral stocks 
containing the TK and ANP inserts can be monitored by ELISA and purified for 
amplification. The amplified viral stocks can be purified by CsCl gradient 
centrifugation and titered before use for in vivo trans fection. 

10 

V. Administration of adenovirus containing nucJeic acid encoding human 
tissue kallikrein and/or atrial natriuretic peptide to humans. 

To treat a hypertension-associated or non-hypertension associated renal or 
1 5 cardiac disorder in a human, an initial dosage of 10 9 to 10 10 pfu of adenovirus 
containing nucleic acid encoding TK and/or ANP is administered intravenously. 
In some instances, localized injection into the kidney is through a catheter inserted 
into the renal artery. In addition, a catheter inserted into the carotid artery is used 
for direct delivery of adenovirus to the heart. If additional injections are indicated, 
20 they can be administered at six month intervals. 

The efficacy of treatment of a renal disorder is monitored at about ten days 
after gene delivery by adenovirus administration. Clinical parameters which can 
be monitored include renal sodium excretion, urine volume, urinary sediment and 
25 urine creatinine. Reduction of absence of proteinuria, edema, hematuria, azotemia 
and casts, as well as increased urine volume and sodium excretion are indicators 
of effective treatment. 

The efficacy of treatment of cardiac disorder is monitored at about 20 days 
30 after gene delivery by adenovirus administration. Improvement in morphology 
and function as detected by electrocardiography, magnetic resonance imaging and 
positron emission tomography are indicators of effective treatment. 
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For treatment of restenosis, efficacy of treatment is monitored at about 20 
days after gene delivery by angiocardiography. 

VI. Atrial Natriuretic Peptide Gene Delivery Attenuates 
5 Gentamycin-Induced Nephrotoxicity in Rats 

Preparation of replication-deficient adenovirus vector Ad.RSV-ANP. 

Plasmid RSV-ANP was constructed as previous described (61), in which 
the expression of human ANP cDNA was under the control of the Rous sarcoma 

10 virus long terminal repeat (RSV-LTR) and was followed by a SV40 poly A signal 
sequence. The transcription unit of RSV-ANP-poly A, including the RSV-LTR, 
the human ANP cDNA, and a Simian virus 40 poly A signal sequence, was 
released from the RSV-ANP plasmid by Sal I digestion. Plasmid pAd.RSV-ANP 
was constructed by inserting the released fragment into the adenovirus shuttle 

15 vector pAdLink.l at a Sal I site. The pAd.RSV-ANP plasmid DNA was purified 
using a Qiagen plasmid DNA kit (Qiagen, Chatsworth, CA). The purified DNA 
was sent to the Institute for Human Gene Therapy, Wistar Institute, Philadelphia 
to generate the adenovirus Ad.RSV-ANP harboring the RSV-ANP-poly A 
transcription unit. Final production of Ad.RSV-ANP and Ad.RSV-LacZ 

20 harboring the LacZ gene was carried out in this laboratory. 

Animal treatment. 

- Sprague-Dawley rats (male, 200-220 g body weight, Harlan Sprague 
Dawleyjnc, Indianapolis, IN) were used in this experiment. Rats were housed at 

25 a constant room temperature with a 12 hr light/dark cycle and had free access to 
tap water and rat chow. The rats were divided at random into four groups. Three 
groups received gentamycin sulfate (Sigma Chemical, St. Louis, MO) 
subcutaneously at a dose of 80 mg/kg in saline solution (0.9% NaCl). The 
injection was carried out for 10 consecutive days. The first group was injected 

30 with adenovirus Ad.RSV-ANP (1 .2 x 10 10 plaque-forming units) and the second 
group with same number of adenovirus Ad.RSV-LacZ via the tail vein on the first 
day of gentamycin treatment. Third group received gentamycin alone. The control 
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group was injected subcutaneous ly with saline. The animal experiments were 
conducted in a accordance with National Institutes of Health Guide for the Care 
and Use of Laboratory Animals. 

5 Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Southern blot 
analysis of ANP mRNA. 

Total RNA was extracted from fresh rat tissues by TRIZOL (BRL, Grand • 
Island, NY). The reaction mixture for RT contained 1 fig of total RNA from 
several tissues, 20 pmol of the 3' primer (5'-CACTGAGCACTTGTGGG-3' 

10 located at the second exon of the human ANP gene; SEQ ID NO:7), 20 nmol of 
dNTP, 0.2 mmol of DTT, 4ul of 5 x reverse transcription buffer (250 mM 
Tris-HCL pH 8.3, 375 mM KCI, 15 mM MgC12) and 200 U of Maloney murine 
leukemia virus reverse transcriptase (BRL, Gaitherburg, MD) in a total volume of 
20ul. The reverse transcription reaction mixture was incubated at 37°C for 1 hr to 

1 5 synthesize the first strand of cDNA. Twenty pmol of 5' primer 

(5 , -CACCGTGAGCTTCCTCCTTT-3' from the first exon of the human ANP 
gene; SEQ ID NO:8), 5 ul of 10 x PCR buffer, and 0.5 U of Taq DNA polymerase 
were added to the RT mixture to a total volume of 50ul followed by 30 cycles of 
hot-start PCR (94°C, 1 min; 55°C, 1 minute; 72°C, 1 min) with Ampliwax 

20 (Perkin-Elmer Cetus Instruments, Norwalk, CT) in a thermal cycler. Thirty ul of 
RT-PCR products were subjected to a Southern blot analysis. A specific 
oligonucleotide (5'-TAGGTCAGACCAGAGCT-3' from the first exon of the 
human ANP gene; SEQ ID NO: 9 ) was used as a probe for hybridization at 42°C. 
The membrane was washed in 3 x SSC twice at 42°C and exposed to X-Omat film 

25 at-80 °C (Eastman Kodak Co. , Rochester, NY). 

Serum and urine collection. 

At various time points after injection of adenoviral vectors, serum was 
collected and measured for blood urea nitrogen (BUN) levels using a modified 
30 urease-indophenol method (62). Twenty-four-hour urine samples were collected 
on day 7 using metabolic cages. Urine samples were collected and centrifuged at 
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1 000 x g to remove particles. The volume was measured and the supernatant was 
used for further analysis. 

Tissue preparation. 

5 At 10 days after gene delivery, one rat from each group was anesthetized 

intraperitoneally with pentobarbital at a dose of 50 mg/kg body weight and 
perfused with normal saline by cardiac puncture. Tissues were homogenized in 
normal saline with a Polytron (Brinkmann Instruments, Westbury, NY). The 
homogenate was centrifuged at 600 x g for 10 min. The supernatant was 
10 incubated in 0.5% sodium deoxycholate and then centrifuged at 10,000 x g for 30 
min. Total protein in the supernatant was determined by Lowry's method (63). 

Radioimmunoassay (RJA) for human ANP. 

Tissue ANP levels were measured by a R1A for human ANP as previously 

15 described (61). Briefly, serial dilutions of standard ANP (10 - 1280 pg) or tissue 
extracts (lOOul) were incubated with goat anti-human ANP antiserum (1: 1500 
dilution, Sigma Chemical Co., St. Louis, MO) in a solution containing 0.0 1M 
PBS, pH 7.4, 0.3% BSA, 0.1% Triton xlOO, 0.1 mM EDTA and 0.1% sodium 
azide, and i25 I-ANP tracer (10,000 cpm in 100 ul) in a total volume of 400 ul for 

20 1 8-24 hr at 4°C. The reaction was stopped by adding 800ul of 25% polyethylene 
glycol (PEG) in PBS containing 0. 1 % sodium azide and 400 ul of 1 % bovine 
gamma-globulin in PBS containing 0.1% sodium azide. The radioactivity of the 
precipitate was determined in a gamma counter. 

25 Radioimmunoassay for cGMP. 

Kidney tissues (100 mg) were homogenized in 1 ml 0.1 N HC1 and the 
homogenatecentrifuged at 12,000 x g for 30 min. The supernatant was diluted to 
1 : 100 and the procedure for assay of cGMP was conducted according to the 
general procedure as previously described (64). Protein concentration was 

30 determined by Lowry's method (63). 
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Measurement of urine flow rate, glomerular filtration rate and renal blood 
flow. 

Rats were anesthetized with pentobarbital (50 mg/kg, i.p) and placed on a 
heating pad for maintenance of body temperature at 37°C After tracheotomy, a 
5 cannula was placed in the jugular vein for infusion of drugs. A cannula was placed 
in the right femoral artery for the measurement of blood pressure and for blood 
sampling. The bladder was cannulated to allow urine collection from the kidney. 
Hydropenic preparations were maintained by an intravenous injection of 1 .2 ml of 
0.9% NaCl containing 10% polyfructosan (Inutest, Laevosan, Linz, Austria) and 

10 2% para-aminohippuric acid (PAH; Merck Sharp & Dohme, West Point, PA, 
USA) via a cannula in the jugular vein during the experimental period. Forty-five 
minutes was allowed for the preparation to reach a steady state. Timed urine 
collections were obtained, with blood (0.6 ml) collected between clearance 
periods. For maintenance of hematocrit, red blood ceils from each blood sample 

15 were reconstituted to the same volume with 0.9% NaCl and reinjected through the 
arterial cannula. At the end of each experiment, kidneys were excised, blotted, and 
weighed. Urine volume was determined gravimetrically. Polyfructosan and PAH 
concentrations were determined by modified anthrone and colorimetric methods, 
respectively (65). Glomerular filtration rate (GFR) and renal plasma flow (RPF) 

20 were determined from the clearance of polyfructosan and PAH, respectively. 

Renal blood flow (RBF) was calculated from RPF and hematocrit. Clearance data 
were normalized to kidney weight. 

Morphological and histological investigations. 

25 Rats were anesthesized with pentobarbital (50 mg/kg, i.p) and kidneys 

were removed, cleaned, washed in saline, blotted and weighed. Sections of the 
kidney were preserved in 4% phosphate- buffered formaldehyde solution and 
embedded in paraffin. Fiveum-thick sections were cut and stained with 
hematoxylin and eosin (H & E) and/or periodic acid-Schiff (PAS) and analyzed 

30 microscopically and morphometrically. Morphological changes were scored as 
follows: (1) proximal tubule damage was found in parts of the outer cortex; (2) 
proximal tubule damage was found throughout outer cortical nephrons; (3) 



SUBSTITUTE SHEET (RULE 26) 



WO 99/12576 



PCTAJS98/19267 



51 

proximal tubule damage was found throughout outer and inner cortex; (4) 
proximal tubule damage was found throughout the cortex and extended into the 
outer medulla. A score of zero (found only in controls) indicated no observable 
proximal tubule damage. Morphological evidence of proximal tubule damage 
5 included: swelling and disruption of cells, cell sloughing and tubular casts, and 
loss of PAS-positive apical brush border. All sections were evaluated 
independently by individuals without the prior knowledge of the group to which 
the rats belonged. 

1 0 Statistical analysis. 

Group data are expressed as mean ± SEM. One- or two-way analysis of 
variance followed by a multiple means comparison test (ScheffA test) was used to 
compare the means of different groups. Differences were considered significant at 
a value ofP<0.05. 

15 

Expression of human ANP mRNA in gentamycin-induced nephrotoxic rats. 

Human AN? mRNA in gentamycin-induced nephrotoxic rats after gene 
delivery was analyzed by RT-PCR followed by Southern blot using specific 
oligonucleotide probes for human ANP. Total RNAs were prepared from heart, 

20 aorta, kidney, and liver at 4 days after intravenous injection of adenoviral vectors 
Ad.RSV-ANP or Ad.RSV-LacZ. ANP mRNA was detected in the kidney, heart, 
aorta and liver. The expression of ANP mRNA was not detected in control rats 
receiving adenoviral vector Ad.RSV-LacZ . Similar levels of p actin mRNA were 
detected in tissues of both experimental and control groups, confirming the 

25 integrity of RN A in these samples. The results show that human ANP is 

expressed in tissues relevant to cardiovascular and renal function following gene 
transfer in gentamycin-induced nephrotoxic rats. 

Immunoreactive human ANP levels after gene delivery. 
30 The levels of human ANP in gentamycin-induced nephrotic rats were 

analyzed by a RJA specific for human ANP. Immunoreactive human ANP was 
detected in the heart (480.0 ±21.5 ng/mg protein) and kidney (95.4 ± 9.2 ng/mg 
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protein) at 4days after gene delivery. Linear displacement curves for 
immunoreactive ANP in the heart and kidney of gentamycin-induced nephrotic 
rats were parallel with the standard curve of human ANP, indicating their 
immunological identity. Serial dilutions of heart, liver and kidney extracts from 
5 control rats injected with Ad.RSV-LacZ showed a lack of parallelism with the 
human ANP standard curve. These results indicate that goat anti-human ANP 
antibody has some cross-reactivity with rat ANP; however, human and rat ANP 
are not immunologically identical and are distinguishable in the RIA. 

10 

Decreased blood urea nitrogen in rats receiving ANP gene delivery. 

BUN levels in the gentamycin-treated group with or without 
Ad.RSV-LacZ gene delivery began to rise at 7 days after gentamycin 
administration. At 10 days post gene delivery there were 2 times higher levels of 

15 BUN in rats with gentamycin administration than the control group given saline 
(40.1 ± 0.3 and 39.0± 0.2 vs. 24.1 ± 0.1 mg/100 ml serum, n=5, P<0.01). 
Although the BUN levels in rats injected with gentamycin and Ad.RSV-ANP 
(33.3 ± 03 mg/100 ml serum, n=5) was significantly higher than the control group 
given saline, it was significantly lower than that of gentamycin-treated group with 

20 or without Ad.RSV-LacZ groups (P<0.0 1 ). The results indicate that ANP gene 
delivery significantly attenuated BUN elevation in gentamycin-induced 
nephrotoxicity in rats. 

Effects of ANP gene delivery on physiological parameters in gentamycin-induced 
25 nephrotoxicity in rats. 

There were no significant differences in all parameters between the control 

group and the gentamycin-treated groups with or without Ad.RSV-LacZ. 

However, ANP gene delivery caused a significant increase in urine volume (16.1 

± 1.3 vs. 8.9±. 1.1 ml/day/100 g body weight, n=8, P<0.01) and water intake 
30 (17.5 ± 2.1 vs.5.6± 1.0 ml/day/100 g body weight, n=8, PO.01) compared to 

control rats receiving Ad.RSV-LacZ. Urinary sodium and potassium excretion in 
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the group receiving ANP gene delivery was also significantly higher than that of 
other groups. 

Effects of ANP gene delivery on the renal function in gentamycin nephrotoxic 
5 rats. 

In gentamycin- induced nephrotoxic rats at 20 days after gene delivery, 
ANP gene delivery caused a significant increase in urine flow (1 LI ± 0.3 
ml/min/g kidney weight, n=4, PO.01) as compared to the Ad.RSV-LacZ gene 
delivery group (5.0 ± 0.2 ml/min/g kidney weight, n=4), the gentamycin-treated 

10 group (4.4 ± 0.3 ml/min/g kidney weight, n=4), and the saline-injected control 
rats (5.7 ± 0.4 ml/min/g kidney weight, n=4). Similarly, rats injected with 
Ad.RSV-ANP induced significant increase in GFR (1.83 ± 0.05 vs. 0.83 ± 0.04 
ml/min/g kidney weight, n=4, P<0.01) and RBF (18.9 ± 0.9 vs. 9.2 ± 0.6 ml/min/g 
kidney weight, n=4, P<0.01) when compared with rats receiving the control 

15 adenovirus Ad.RSV-LacZ. 

Effects of ANP gene delivery on renal cGMP. 

Ten days after gene delivery, cGMP levels were significantly lower in 
gentamycin-treated groups with or without Ad.RSV-LacZ than the control group 
20 received saline (1.3 ± 0.1 and 1.3 ± 0.1 vs. 2.8 ± 0.1 pmol/mg protein, n=4, 

PO.01). However, a significant increase of cGMP in the kidney was observed in 
the Ad.RSV-ANP group (4.0 ± 0.1 pmol/mg protein, n=4, P<0.01) compared to 
the control Ad.RSV-LacZ group or control with saline. 

25 Effects of ANP gene delivery on kidney morphology. 

The fixation, embedding and staining of non-treated control animals 
resulted in well preserved kidney morphology in both the cortex and medulla. A 
widespread tubular dilation and damage were observed in the renal cortex of 
gentamycin-treated rats either alone or followed by Ad.RSV-LacZ. Most proximal 

30 tubules were damaged and many were either dilated or filled with necrotic cells. 
Distal tubules exhibited less damage and collecting ducts appeared relatively 
normal. Cortical renal tubular lumens were often filled with protein casts. 
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Medullary tubules did not appear damaged in structure, but protein casts often 
filled the lumens, particularly in the outer medulla. In the ANP gene-treated 
group (Ad.RSV-ANP), swelling of proximal tubular, cells was seen, but fewer 
dilated renal tubules were present and frank cellular necrosis was rare. 

5 

The morphology of kidney stained by periodic acid Schiff reaction (PAS) 
for carbohydrates in brush borders and basement membranes was also examined. 
The morphology of the kidney in control rats without gentamycin treatment was 
well preserved in both the cortex and medulla. Proximal tubule brush border 

1 0 throughout cortex and outer medulla stained prominently with PAS, as did 

basement membrane in renal gromeruli and proximal tubules. In the renal cortex 
of rats injected with gentamycin alone or gentamycin and Ad.RSV-LacZ, there 
were dilated proximal tubules generally lacking of brush border. Lumenal casts 
were generally PAS-positive, most probably derived from sloughed brush border 

15 glycoprotein and reabsorption droplets from damaged proximal tubule cells. The 
ANP gene-treated group exhibited less damage than either gentamycin alone or 
gentamycin with Ad.RSV-LacZ group. Although some tubular damage persisted, 
evidence of preservation and regeneration of proximal tubules included: intense 
PAS staining of the apical brush border in many tubules and fewer protein casts 

20 thoughout the kidneys. 

The effect of ANP gene delivery on morphological changes of the kidney 
was assessed in PAS-stained sections. The quantitative evaluation of renal tubular 
damage was scored as described herein. Gentamycin-treated animals with or 

25 without Ad.RSV-LacZ had the most extensive damage (Score; gentamycin, 3.0 ± 
0.3; gentamycin and Ad.RSV-LacZ; 2.7 ± 0.3; n=8) and therewere no differences 
between these two groups. Although the rats receiving gentamycin and 
Ad.RSV-ANP had some tubular damage (Score; 1.3 ± 0. 1, n-8), the damage was 
significantly less than in two control groups (P<0.01). The results indicate that 

30 ANP gene delivery significantly attenuated tubular damage induced by 
gentamycin. 
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VIL Adenovirus-Mediated Kallikrein Gene Delivery Reduces Aortic 
Thickening and Stroke-Induced Death Rate in Dahl Salt-Sensitive rats 

Animals 

5 Dahl salt-sensitive rats (Male, 4 weeks old) from (Sprague-Dawley Harlan, 

Indianapolis, IN) were used in this study. Rats were divided into two groups. 
The first group was fed a standard rat chow (0.4% NaCl) and the other group was 
fed a high salt diet (4% NaCl) (Harlan Teklad, Madison, WI). All rats had free 
access to water. All procedures complied with the standards for care and use of 
10 animal subjects as stated in the Guide for the Care and Use of Laboratory Animals 
(Institute of Laboratory Resources, National Academy of Sciences, Bethesda, 
MD). 

Preparation of replication-deficient adenovirus vector Ad.CMV-cHK 
15 Plasmid CMV-cHK was constructed as described herein. In this construct, 

the expression of human tissue kallikrein cDNA was under the control of the 
cytomegalovirus (CMV) enhancer/promoter and was followed by a bovine growth 
hormone (BGH) poly A signal sequence. The purified DNA was sent to the 
Institute for Human Gene Therapy, Wistar Institute, Philadelphia for generation of 
20 adenovirus Ad.CMV-cHK harboring the CMV-cHK-poly A transcription unit. 
Adenovirus harboring the LacZ gene under the control of the CMV 
enhancer/promoter (Ad.CMV-LacZ) was purchased from the Institute for Human 
Gene Therapy. 

25 Intravenous Delivery of Adenoviral Vectors 

DS rats in the group fed a high salt diet containing 4% NaCl for 4 weeks 
were randomly divided into three groups and were intravenously injected with 
either Ad.CMV-cHK (n=13), Ad.CMV-LacZ (n=6) at a dosage of 2.4 x 10 t0 pfu 
(plaque formation unit) per rat or with saline through the tail vein. Six DS rats on 

30 a 4% NaCl diet did not receive any adenovirus injection. 
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Blood pressure measurement 

The systolic blood pressure of rats was measured with a manometer 
tachometer (Nastume KN-210; Nastume Seisakusho Co. Ltd., Tokyo, Japan) 
using the tail-cuff method (67). An average of ten readings was taken for each 
5 animal after they became acclimated to the environment. 

Urine collection and analysis of physiological parameters 

Twenty-four-hour urine was collected from rats in metabolic cages at 5 
and 1 1 days post gene delivery. In order to eliminate contamination of urine 
10 samples, animals received only water during the 24-hour collection period. Urine 
was collected and centrifuged at 1 ,000 x g to remove particles. The volume of the 
supernatant was measured and the samples were used for further analysis. 

Tissue preparation 

15 At the end of the experiment, rats were sacrificed. Brain was removed and 

homogenized to examine kallikrein activity. Tissue extracts were prepared as 
previously described. Total protein in the supernatant was determined by Lowry's 
method (68). 

20 Enzyme-linked immunosorbent assay (EL1SA) for human tissue kallikrein 

Tissues were immersed in PBS (phosphate-buffered saline; pH 7.0) and 
homogenized with a Polytron (Brinkmann Instruments, Westbury, NY). The 
levels of immunoreactive human tissue kallikrein in rat urine, and sera were 
determined by an ELISA specific for human tissue kallikrein as previously 

25 described (67). 

Enzymatic assays toward low molecular weight kininogen substrates. 

Canine low molecular weight kininogen was isolated according to the 
method of Johnson et al. (69). Kinin-releasing activities were measured by 
30 incubating rat aortic extracts (92) with canine low molecular weight kininogen 
(1.5) in 0.1 M sodium phosphate (pH 8.5) in a total volume of 500 at 37°C for 30 
min. The reactions were stopped by boiling for 20 min. Released kinin was 
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assayed by a kinin RIA (70). Kininogenase activity is expressed as of kinin 
released per mg protein per 30 min. 

Radioimmunoassay (RIA) of urinary kinin and cGMP 
5 Urinary kinin levels were determined by a kinin radioimmunoassay as 

described (70). The procedure for assay of cyclic guano sine monophosphate 
(cGMP) was conducted as described (71). 

Monitoring stroke development 

10 The rats were monitored daily for the occurrence of stroke. The symptoms 

associated with stroke development have been previously described in SHRSP 
(72, 73) but not in DS rats. Initially, SHRSP develop convulsive repetitive 
forearm movement followed by inappropriate posture. In this study, stroke was 
often associated with lethargy and poor grooming. There is no fixed period 

15 between onset of the first behavioral symptoms of stroke and death. Some 

animals died abruptly after the first behavioral symptoms of stroke. Some animals 
were killed later, at a point when death was judged likely to occur within a day. 

Morphological and histological investigations 

20 Tissue sections were preserved in 4% buffered formaldehyde solution and 

embedded in paraffin. Five um-thick sections were cut, stained with 
hematoxylin-eosin (H&E) and analyzed microscopically and morphometrically. 
Measurements of the thickness of aortic wall were also performed. Ten 
measurements taken from different position of each aorta were averaged. All 

25 sections were evaluated by independent personnel with no prior knowledge of the 
group from which the rats were obtained. 

Statistical analysis 

Data were analyzed using standard statistical methods. Repeated blood 
30 pressure measurements were taken after gene delivery for comparison between 
control and experimental groups at each time point with the use of ANOVA and 
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Fisher's protected least significant differences. Group data were expressed as 
mean ± SEM. Values were considered significantly different at a value of P<0.05. 

Blood pressure reduction after intravenous injection of Ad.CMV-cHK 
5 DS rats (4 weeks old) were fed a high salt (4% NaCl) diet or normal rat 

chow (0.4% NaCl) for 4 weeks until blood pressure differences between these two 
group exceeded 50 mmHg. DS rats on the high salt diet were divided into three 
groups. Two groups were intravenously injected with either Ad.CMV-cHK or 
Ad.CMV-LacZ through tail vein. One group was only injected with the vehicle, 

1 0 saline. Blood pressure was monitored weekly for DS rats fed a normal salt diet 
(0.4% NaCl) or a high salt diet (4% NaCl) from 1 to 4 weeks post gene delivery. 
Intravenous delivery of the human tissue kallikrein gene caused a significant 
reduction in blood pressure within I week after injection. A maximal blood 
pressure reduction of 21 mmHg was observed 14 days after gene delivery (201 ± 

15 3 vs. 221 ± 8 mmHg, mean ± SEM, n=7, P<0.01). In contrast, the blood pressure 
of control rats on a normal salt diet (0.4% NaCl) remained at 135-155 mmHg 
throughout the experimental period. 



Time-dependent expression of human tissue kallikrein after gene delivery 
20 Following intravenous injection of Ad.CMV-cHK, immunoreactive human 

tissue kallikrein levels in rat sera were measured by ELISA. The highest level of 
recombinant human tissue kallikrein (967 ± 4 ng/ml, mean ± SEM, n=4) was 
observed on the fourth day after gene delivery. Human tissue kallikrein levels 
persisted for 4-5 weeks and decreased gradually from day 6 to day 24. 

25 

Kallikrein activities in the brain extracts site after gene delivery. 

Kininogenase activity increased 2.8-fold in rat brain after kallikrein gene 
delivery (3.6 ± 0.6 ng of kinin released/mg protein/30 min) compared to control 
rats receiving Ad.CMV-LacZ ( 1 .3 ± 0. 1 ng of kinin released/mg protein/30 min) 
30 (mean ± SEM, n=4, P<0.05), while the kininogen activity of DS rats on a 0.4% 
NaCl diet was 1 .4 ± 0.2 ng of kinin released/mg protein/30 min. 
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Effect of Ad.CMV-cHK gene delivery on urinary kinin and cGMP levels. 

Following kallikrein gene delivery, urinary kinin levels increased 3.5-fold 
as comparing the rats receiving control virus Ad.CMV-LacZ (43.5 ± 8.4 vs. 12.2 ± 
3.9 ng/day/100 g BW, mean ± SEM; n=6, P<0.05). Kinin levels of DS rats on a 
5 0.4% NaCl diet was 9.8 ± 2.7 ng/day/100 g BW ( n=6). Urinary cGMP levels 
alsoincreased significantly in rats receiving kallikrein gene delivery as compared 
to the Ad.CMV-LacZ group (13.51 ± 0.41 vs. 8.45 ± 0.41 nmol/day/lOOg BW, 
mean ± SEM; n=7, P<0. 05). cGMP levels of DS rats on a 0.4% NaCI diet was 6.9 
± 1.4 nmol/day/lOOg BW (n=7). 

10 

Mortality rate of DS rats with stroke. 

DS rats began to show symptoms of stroke, including lethargy, poor 
grooming, convulsive repetitive forearm movement, and/or hemiplegia, at five and 
a half weeks after high salt diet loading. Some rats died rapidly after the first 
15 behavioral symptoms of stroke. At 5 weeks after kallikrein gene delivery (62 days 
after high salt loading), a doubling of the survival rate was observed in 
hypertensive DS rats. The salt-induced mortality rate in DS rats receiving 
kallikrein gene delivery 5 weeks post injection was 27% (n=13) while 54% of DS 
rats (n=l2) died from stroke with or without control adenovirus injection. 

20 

Effect of kallikrein gene delivery on salt-induced aortic thickening in DS rats. 

The effect of kallikrein gene delivery on salt-induced aortic thickening in 
DS rats was determined as described herein. The thickness of the aortic wall was 
significantly reduced in the Ad.CMV-cHK group at 5 weeks post gene delivery 
25 (134.9 ± 1.7 vs. 16 1.3 ± 1.3 (m, mean ± SEM, n=5, PO.01) as compared to that of 
the Ad.CMV-LacZ group, while aortic wall thickness for DS rats on a 0.4% NaCl 
diet was 1 14.8 ± 1 .5 (m (n=5). These results indicate that human tissue kallikrein 
gene delivery can attenuate, at least in part, salt-induced aortic hypertrophy in DS 
rats. 
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VIII. Kallikrein Gene Transfer Inhibits Vascular Smooth Muscle Cell 
Growth and Neointima Formation in Rat Artery after Balloon Angioplasty. 

Animal treatment. 

5 Local gene delivery; Male Sprague-Dawley rats (weight, 400-450 g) were 

anesthetized with sodium pentobarbital (50 mg/kg, i.p.) and a 2F embotectomy 
balloon catheter was introduced into the left common carotid artery via the 
external carotid artery. The balloon was inflated with sufficient saline to distend 
the common carotid and was then pulled back to the external carotid artery. This 

1 0 procedure was repeated three times and the catheter was then removed. After 
balloon injury of the left common carotid artery, the injured distal segment was 
isolated by temporary ligatures. The adenoviral particles of Ad.CMV-cHK or 
Ad.CMV-LacZ (2 x 10 9 pfu in 20 u.1) were infused into the distal injured segment 
and incubated for 15 min at room temperature. After incubation, the cannula was 

1 5 removed and blood flow to the common carotid artery was restored. To investigate 
the potential kinin-mediated effect following kallikrein gene delivery, icatibant 
(Hoe 140), a specific antagonist for B2 receptor was infused intraperitoneally at a 
rate of 70 ug/kg/day via osmotic minipumps (Alzet 2ML2, Alza Corp. Palo Alto, 
CA) immediately post balloon angioplasty and Ad.CMV-cHK infusion. At 4 days 

20 after gene delivery, rats of each group were anesthetized with sodium 

pentobarbital (50 mg/kg, i.p.) and perfused with saline through the ascending 
aorta. The liver, kidney, left and right common carotid artery, thoracic artery, and 
heart were rapidly isolated for RNA extraction. At 7 and 14 days after gene 
delivery, rats of each gene delivery group were anesthetized and artery and other 

25 tissues were isolated for protein measurements, RNA extraction, or morphometric 
analysis. 

Systemic gene delivery: Male Sprague-Dawley rats (weight, 250-300 g) 
were anesthetized with sodium pentobarbital (50 mg/kg, i.p.) and a 2F 
30 embolectomy balloon catheter (Baxter Healthcare Corp.) was passed into the aorta 
via the femoral artery and placed distal to the renal artery. The balloon was 
inflated with sufficient saline and withdrawn slowly to the aortic bifurcation. This 
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procedure was repeated three times. After the surgery, rats were injected with 2 x 
10 10 plaque-forming units (pfu) of adenovirus containing the human tissue 
kallikrein gene (Ad.CMV-cHK) or control virus carrying the LacZ gene 
(Ad.CMV-LacZ) via the tail vein. At 4 days after gene delivery, rats of each 
5 group were anesthetized with sodium pentobarbital (50 mg/kg i.p.) and perfused 
with saline through the ascending aorta. The liver, kidney, abdominal aorta, and 
heart were rapidly isolated for RNA extraction. At 7 and 14 days after gene 
delivery, rats of each gene delivery group were anesthetized and aorta was isolated 
for protein measurements, kininogenase assay, RNA extraction or morphometric 
10 analysis. 



Preparation of adenovirus carrying the human tissue kallikrein gene. 

Adenovirus containing the human tissue kallikrein gene, Ad.CMV-cHK 
was generated as previously described (74). Large quantities of high-titered 
1 5 adenovirus, Ad.CMV-cHK and Ad.CMV-LacZ, were prepared and purified for 
gene delivery (75). 

Primary aortic smooth muscle cell culture. 

Rat primary vascular smooth muscle cells (VSMC) were isolated from 

20 thoracic aorta of male Sprague-Dawley rats (200-250g) by the explant method 
(76). VSMC were cultured in Dulbecco's minimal essential medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS) (GIBCO/BRL-Life 
Technologies), 100 units/ml penicillin, 100 ug/ml streptomycin sulfate. The cells 
exhibited a "hill and valley" growth pattern and were characterized by positive 

25 immunostaining with monoclonal antibodies against smooth muscle p actin (77). 
Cells were used between passages 3 and 10. 



Adenovirus -mediated kallikrein gene transfer to VSMC. 

Rat VSMC were subcultured into 24-well plates and the effect of 
30 # adeno virus-mediated kallikrein gene transfer on cell proliferation was tested at 
60-80% confluence. After growth-arrested for 48 hours, VSMC were transiently 
infected at 37°C with adenovirus (Ad.CMV-cHK or control virus Ad.CMV-LacZ) 
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(100 pfu/cell) in Dulbecco's Modified Eagle Medium (DMEM) for 6 hours under 
humidified air containing 5% C0 2 and cells were then washed with 
phosphate-buffered saline (PBS) and incubated with DMEM for cell proliferation 
study. Cultured medium was collected daily from 1 to 6 days after gene transfer 
5 for analyzing human kallikrein levels by ELISA. Cell pellets were extracted for 
total protein measurements. 

[*H] thymidine incorporation. 

VSMC were seeded in 24-well plates and cultured in DMEM containing 

10 10% fetal bovine serum at 37°C under humidified air containing 5% C0 2 . Four 
replicates were used for each sample. At 4 days after transfection with 
Ad.CMV-cHK or Ad.CMV-LacZ, cells were incubated with 1.0 uCi/ml [ 3 H] 
thymidine for 4 hours in DMEM. At the end of incubation, cells were washed 3 
times with PBS, precipitated with 10% trichloroacetic acid at 4°C for 30 min. 

1 5 washed 2 times with 95% ethanol and solubilized with 0.25 M NaOH plus 0. 1 % 
SDS. After neutralization with 1 M acetic acid, the radioactivity was determined 
with a liquid scintillation counter (Packard, Downers Grove, IL). 

Enzymatic assays toward low molecular weight kininogen substrates. 

20 Canine low molecular weight kininogen was isolated according to the 

method of Johnson et al. (78). Kinin-releasing activities were measured by 
incubating rat aortic extracts (10 fig) with canine low molecular weight kininogen 
(3 ug) in 0.1 M sodium phosphate (pH 8.5) in a total volume of 500ul at 37°C for 
30 min. The reactions were stopped by boiling for 20 min. Released kinin was 

25 assayed by a kinin RIA (79). Kininogenase activity is expressed as u.g kinin 
released per rng protein per 30 min. 

Reverse transcription-polymerase chain reaction (RT-PCR) Southern blot 
analysis. 

30 Total RNA was extracted with TRlzol(r) reagent according to the protocol 

recommended by the manufacturer (BRL, Gaithersburg, MD). Semi-quantitative 
RT-PCR Southern blot analyses were employed to determine the abundance of 
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bradykinin Bl and B2 receptors, rat tissue kallikrein, high/low-molecular weight 
kininogens, and T-kininogen mRNAs in non-treated, sham-operated, and injured 
carotid artery or injured-abdominal aorta after angioplasty. The expression of 
human tissue kallikrein in rat tissues after adenovirus-mediated gene delivery was 
5 examined by RT-PCR Southern blot analysis (74). Specific 5' primers and 3' 
primers used for RT-PCR and specific internal oligonucleotide probes for 
Southern blot analyses for human tissue kallikrein, rat tissue kallikrein, rat 
bradykinin Bl and B2 receptors, rat high/low-molecular weight kininogens and rat 
T-kininogen are shown below. 

10 

Rat tissue kallikrein: 

5'-primer: S'-TAC TAC TTC GGC GAA TAC CTA-3' (SEQ ID NO: 10) 
3'-primer: 5*-TCC AAT CCG TCA GGT GTG ATG-3' (SEQ ID NO: il) 
probe: 5 '-GAC GAC CTG GGG ACG ACT-3* (SEQIDNO:12) 

15 

Bl receptor: 

5'-primer: 5'-AAG ACA GCA GTC ACC ACT-3' (SEQIDNO:13) 
3' primer: 5'-CCG ATC TGG TGT TTG TC-3' (SEQIDNO:14) 
probe: 5'-AAG ACT GGG ACC TGC TGT AT-3' (SEQ ID NOT 5) 

20 

B2 receptor: 

5* primer: 5'-CCG TCT GGA CCT CCT TGA AC-3' (SEQIDN0:16) 
3' primer: 5'-GCT GAG GAC AAA GAT GTT C-3' (SEQ ID NO: 17) 
probe: 5'-TAC TCC TTC ATG GTC CGG AAC ACC A-3 ( (SEQ ID NO: 18) 

25 

High/low molecular weight kininogen: 

5' primer: 5'-GCC ACC CAG CTC TGC AAT AT-3* (SEQ ID NO: 19) 
3* primer: S'-CTG CCC TTG TCA TCA CAT GA-3* (SEQ ID NO:20) 
probe: 5'-TGT C AC GGT TGA AGC TT-3* (SEQ ID NO:21) 

30 

T-kininogen: 

5' primer: S'-GCC ACC CAG CTC TGC AAT AT-3' (SEQ ID NO:22) 
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3' primer: 5'-CTG CCC TTG TCA TCA CAT GA-3' (SEQ ID NO:23) 
probe: S'-TTC TTG TAC TCG CAC CA-3' (SEQ ID NO:24) 

Human tissue kallikrein: 
5 5' primer: 5'-CAT TTC AGC ACT TTC CA-3* (SEQ ID NO:25) 
3' primer: 5'-GCC ACA AGG GAC GTA GC-3' (SEQ ID NO:26) 
probe: 5'-ACG ACC TTC ACA GCG TC-3* (SEQ ID NO:27) 

Signals were detected by autoradiography at -80°C and scanned into Adobe 
1 0 Photoshop 2.5 with the Hewlett Packard Scan Jet IICX/T. 

Assays for cAMP and cGMP levels. 

At one week after gene delivery, rats were anesthetized intraperitoneally 
with pentobarbital at a dose of 50 mg/kg body weight and perfused with normal 

1 5 saline (0.9% NaCI) by cardiac puncture. Abdominal aorta was dissected and 
homogenized in 10 volumes of 0.1 N HC1 with a Poiytron (Brinkmann 
Instruments, Westbury, NY) at 4°C. The homogenate was centrifuged at 15,000 x 
g for 30 min and supematants were stored at -80°C for assays. cAMP and cGMP 
levels were measured by RIA and protein concentrations were determined by 

20 Lowry's method as previously described (80). 

Morphometric analysis. 

At two weeks after gene delivery, rats were anesthetized and a catheter 
was placed in the ascending aorta and right atrium was cut open. The vascular 

25 system was perfused with saline and then perfusion-fixed with 4% formaldehyde 
at a perfusion pressure of lOOmmHg. The left and right carotid artery were 
removed and embedded in paraffin. Each artery was divided into three segments 
that were separately embedded in paraffin. Cross-section rings (4 \im) were cut 
from each segment and stained with hematoxylin and eosin. The slides were 

30 photographed with a microscope at a magnification of 100 x. The lumen, 
neointima, media areas were traced and measured by using NIH Image 1.61 
software package. 
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Statistical analysis. 

Group data are expressed as mean ± SEM. Intima and media areas, 
intima/media area ratios were compared between experimental groups by one-way 
analysis of variance (AN OVA). Differences between kallikrein and control 
5 groups suggested by the ANOVA were further evaluated by Fisher's protected 
least-squares differences. Differences were considered significant at a value of 
P<.05. 

Inhibition of primary cultured vascular smooth muscle cell growth by 

1 0 adenovirus-mediated kallikrein gene transfer. 

Expression of recombinant human tissue kallikrein in primary cultured rat 
vascular smooth muscle cells (VSMC) was measured from 1 to 6 days after 
transfection with adenovirus carrying the human tissue kallikrein gene. 
Recombinant human tissue kallikrein level achieved the highest level, 310 ± 39 

1 5 ng/ml (n=3) at 2 days after gene transfer and decreased to 135 ± 8 ng/ml (n=3) at 6 
days after gene delivery. Expression of the human tissue kallikrein transgene in 
VSMC caused a significant inhibition in cell proliferation as measured by 
[ 3 H]thymidine incorporation into DNA at 4 days after gene transfer. The growth 
rate of VSMC transfected with Ad.CMV-cHK (2568 ± 1 98 cpm/well) was 

20 reduced to 59% of control cells with or without transfection with Ad.CMV-LacZ 
(4745 ± 329, or 4343 ± 120 cpm/well) (n=4, P<.01). 

Differential expression of vascular tissue kallikrein-kinin system components 
after balloon angioplasty. 

25 

The expression of endogenous tissue kallikrein-kinin system components 
in rat blood vessels was analyzed with RT-PCR followed by Southern blot 
analysis using three gene-specific oligonucleotides for each transcript as described 
herein. At 1 and 2 weeks after balloon angioplasty via common carotid artery, the 
30 relative level of rat tissue kallikrein mRNA was markedly reduced when 
compared to control sham-operated rats. In contrast, bradykinin Bl receptor 
mRNA level increased at 1 week but was not changed 2 weeks after angioplasty. 
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No changes in high/low molecular kininogens, T-kininogen and bradykinin B2 
receptor mRNA expression were observed in injured carotid artery. Similar levels 
of P actin were detected in both sham-operated and angioplasty groups, indicating 
that the RNA quality of these samples are internally consistent. A similar pattern 
5 in the differential expression of rat tissue kallikrein, bradykinin B I and B2 
receptors, and kininogens was observed in rat abdominal aorta after balloon 
angioplasty through the femoral artery. 

Kallikrein activities at the injured site after gene delivery. 

10 At 1 week after balloon injury, the relative levels of tissue kallikrein 

mRNA was markedly reduced while bradykinin Bl receptor mRNA increased 
when compared to sham-operated rats. The endogenous rat tissue kallikrein 
activities after balloon angioplasty (jig kinin released/mg protein/30 min) was 
reduced to a certain percentage of that in sham-operated rats (ug kinin 

15 released/mg protein/30 min) (n=4, P<.01) consistent with the suppression of 
endogenous rat tissue kallikrein gene expression at the injured vessels. 
Adeno virus-mediated kallikrein gene delivery significantly increased 
kinin-releasing activity in rat aorta after balloon angioplasty. Kininogenase 
activity increased 3. 8- fold in rat aorta after kallikrein gene delivery (9.33 ± 2.00 

20 ug kinin released/mg protein/30 min) compared to injury plus infection with 
control adenovirus Ad.CMV-LacZ (2.44 ± 0.33 ug kinin released/mg protein/30 
min) (mean ± SEM, n=3, P<.01). 

Expression of human tissue kallikrein mRNA in balloon-injured rat artery after 

25 gene delivery. 

At 4 days after local administration of Ad.CMV-cHK into the 
balloon-injured left common carotid artery, human tissue kallikrein mRNA was 
only detected in the injured left carotid artery but not in the control right carotid 
artery, aorta, heart, liver or kidney by RT-PCR Southern blot analysis. Human 

30 tissue kallikrein mRNA was not detected in rats receiving Ad.CMV-LacZ. 

Similar levels of P actin were detected in both experimental and control groups, 
indicating the integrity of RNA in these samples. At 4 days after systemic delivery 
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of Ad.CMV-cHK via tail vein, human tissue kallikrein mRNA was detected in the 
aorta, as well as in the liver, kidney, and heart. 

Adenovirus -mediated human tissue kallikrein gene transfer inhibited neointima 
5 formation. 

To assess the in vivo effects of kallikrein gene delivery on vascular cell 
proliferation in vivo, balloon angioplasty was used to induce vascular injury. In 
this model, a consistent neointima formation developed within the first 2 weeks 
after balloon angioplasty. To assess the effect of kallikrein gene transfer, 
1 0 Ad.CMV-cHK or control virus Ad.CM V-LacZ were delivered at the time of 
balloon injury and the vessels were harvested 2 weeks after local gene delivery. 
Adenovirus-mediated kallikrein gene delivery significantly suppressed neointima 
formation in injured carotid artery post angioplasty as compared to rats injected 
with saline or with control virus carrying the LacZ gene. 

15 

Icatibant significantly blocks the protective effect of kallikrein gene delivery. 

Kallikrein gene delivery significantly suppressed neointima formation in 
rat carotid artery (cross-sectional area: 85.9 ± 47.1 jim 2 ) when compared to control 

20 rats with or without injury plus infection with control adenovirus, Ad.CMV-LacZ 
(129.5 ± 10.4 urn 2 , mean ± SEM, n=8, P<.01). There is a 39% reduction in 
intima/media ratio in rats receiving kallikrein gene delivery as compared to rats 
receiving control virus (0.80 ± 0.06 vs. 1 .32 ± 0.10, mean ± SEM, n=8, P<.0I). 
Reduction of neointima formation after kallikrein gene delivery was significantly 

25 blocked by icatibant (85.9 ±7.1 urn 2 vs. 130.5 ± 6.5 urn 2 , mean ± SEM, n=5, 
P<.01). No statistical difference was found among injured carotid artery after 
angioplasty with or without infected with Ad.CMV-LacZ and Ad.CMV-cHK with 
icatibant infusion. 

30 Similarly, systemic kallikrein gene delivery significantly suppressed 

neointima formation in rat aorta (cross-sectional area; 92.1 ± 3.8 um2) when 
compared with that in aorta exposed to either injury alone or injury plus infection 



SUBSTITUTE SHEET (RULE 26) 



WO 99/12576 



PCT/US98/19267 



68 

with control adenovirus, Ad.CMV-LacZ (135.0 ± 5.5 urn 2 , mean ± SEM, n=7, 
P<.01). There is a 35% reduction in intima/media ratio in rats receiving kallikrein 
gene delivery as compared to rats receiving Ad.CMV-LacZ (0.88 ± 0.03 vs. 1.34 
± 0.06, mean ± SEM, n=8, P<.01). No statistical difference was found between 
5 injured abdominal aorta after angioplasty with or without infected with 
Ad.CMV-LacZ. 

Cyclic AMP and cGMP levels in rat aorta after kallikrein gene delivery. 

Cyclic AMP levels increased 5- to 8-fold in rat aorta after systemic 

10 delivery of the kallikrein gene (3.3 ± 1 .2 pmoles/mg protein) compared to controls 
with or without Ad.CMV-LacZ infection (0.5 ± 0.2 and 0.6 ± 0.1 pmoles/mg 
protein, mean ± SEM, n=3, P<.05). cGMP levels in rat aorta increased more than 
40-fold after kallikrein gene delivery (40.5 ± 17.9 pmoles/mg protein) compared 
to controls with or without Ad.CMV-LacZ infection (0.68 ± 0.31 and 0.98 ± 0.39 

1 5 pmoles/mg protein, mean ± SEM, n^3, P<.05). 

Example IX. Adenovirus-Mediated Kallikrein Gene Delivery Reverses 
Salt-Induced Renal Injury in Dahl Salt-Sensitive Rats 

20 Animal treatment. 

Dahl salt-sensitive rats (male, 4 weeks old) were purchased from 
Sprague-Dawley Harlan, Indianapolis, Indiana. Rats were divided into three 
groups. The control group was fed a standard rat chow (0.4% NaCl) (Harlan 
Teklad, Madison, WI). The experimental groups were fed throughout the study 

25 with a high salt diet (4% NaCl) (Harlan Teklad). All rats had free access to water. 
Throughout the study period, all animals were housed in a room that was kept at 
constant temperature (25 ± 1°C) and humidity (60 ± 5%) and was lighted 
automatically from 8:00 am to 8:00 pm. All procedures complied with the 
standards for care and use of animal subjects as stated in the Guide for the Care 

30 and Use of Laboratory Animals (Institute of Laboratory Resources, National 
Academy of Sciences, Bethesda, MD). 
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Preparation of replication-deficient adenoviral vector Ad.CMV-cHK. 

Adenovirus vector Ad.CMV-cHK was prepared as previously described 
[81] in which the expression of human tissue kallikrein cDNA was under the 
control of the cytomegalovirus (CMV) enhancer/promoter and was followed by a 
5 bovine growth hormone (BGH) poly A signal sequence. Adenovirus harboring 
the LacZ gene under the control of the CMV enhancer/promoter (Ad.CMV-LacZ) 
was purchased from the Institute for Human Gene Therapy, Wistar Institute, 
Philadelphia. 

1 0 Intravenous delivery of adenoviral vectors Ad. CMV-cHK and Ad, CMV-LacZ. 

Seven Dahl-SS rats from experimental groups, which were fed a high salt 
diet containing 4% NaCI, were intravenously (IV) injected with either 
Ad.CMV-cHK or Ad.CMV-LacZ at a dosage of 1.2 x 10 t0 pfu (plaque formation 
units) per rat through the tail vein. During the experimental period, blood was 

1 5 collected daily from the tail vein after injection. Rat serum samples were frozen at 
-80°C until the expression level of immunoreactive human tissue kallikrein could 
be determined. 

Blood pressure measurement. 

20 The systolic blood pressure of rats was measured with a 

manometer-tachometer (Nastume KN-210; Nastume Seisakusho Co. Ltd., Tokyo, 
Japan) using the tail-cuff method [82]. Unanesthetized rats were introduced into a 
plastic holder mounted on a thermostatically controlled warm plate, which was 
maintained at 33-35°C during measurements. An average of ten readings was 

25 taken for each animal after they became acclimated to the environment. 

Urine collection and analysis of physiological parameters 

Twenty-four-hour urine of rats was collected in metabolic cages at 7 days 
post gene delivery. Rats were fed a 4% NaCI diet for 3 hours before placing them 
30 in metabolic cages that were supplied with drinking bottles. In order to eliminate 
contamination of urine samples, animals received only water during the 24-hour 
collection period. Urine was collected and centrifuged in a micro fuge at 1,000 x g 
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to remove particles. The volume of the supernatant was measured and stored at 
-20°C until analysis for kinin, NOx, cyclic AMP (cAMP) and cyclic GMP 
(cGMP) and human tissue kallikrein levels. 

5 Tissue preparation. 

At the end of the experiment, all rats were anesthetized intraperitoneal ly 
with pentobarbital at a dose of 50 mg/kg body weight. Blood samples were 
collected by direct cardiac puncture and chilled at 4°C overnight. The blood 
samples were centrifuged at 1 ,000 x g for 20 min and sera were removed and 

10 frozen at -20°C. At the same time, rats were perfused with normal saline (0.9% 
NaCl) via the heart. The whole heart, left ventricle, left and right kidneys were 
removed, blotted and weighed. Tissues of interest were removed and total RNAs 
were extracted by the trizol method (BRL, Gaitherburg, MD). The extracted RNA 
was quantified spectrophotometrically by absorbance at 260 nm, dissolved in 

15 diethyl pyrocarbonate-treated water, and stored at -80°C for further use. 

RT-PCR Southern blot analysis of human tissue kallikrein mRNA. 

RT-PCR Southern blot analysis using specific oligonucleotide probes for 
human tissue kallikrein (S'-primer, 5'-AACACAGCCCAGTTTGT-3', SEQ ID 
20 NO:28; 3' primer, 5*-CTTCACATAAGACAGCA-3\ SEQ ID NO:29; internal 
probe, 5'-GACCTCAAAATCCTGCC-3\ SEQ ID NO:30) was performed as 
previously described [81]. 

Enzyme-linked immunosorbent assay (ELISA) for human tissue kallikrein. 
25 The levels of immunoreactive tissue kallikrein in rat serum and urine were 

measured by an ELISA specific for human tissue kallikrein as previously 
described [81]. Human tissue kallikrein standard ranged from 0.4 to 25 ng/ml. 
Since the antibody only recognizes active kallikrein [81], the immunoreactive 
kallikrein levels determined by ELISA represent active kallikrein. 

30 
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Assays of urinary kinin, cGMP and cAMP levels. 

Urinary kinin levels were determined by a direct kinin RIA as described 
[81]. The assays for cGMP and cAMP were conducted according to previously 
described procedures [83,84]. 

5 

Measurement of glomerular filtration rate and renal blood flow. 

Rats were anesthetized with pentobarbital (50 mg/kg, ip) and placed on a 
heating pad for maintenance of body temperature at 37°C. After tracheotomy, a 
cannula was placed in the jugular vein for infusion of fluids and drugs, A cannula 

10 was placed in the right femoral artery for the measurement of blood pressure and 
for blood sampling. The bladder was cannulated to allow urine collection from 
the right kidney. The left kidney was exposed by a flank incision, freed of 
perirenal tissue, placed in a Lucite cup, and bathed in 0.9% NaCI and then the 
ureter was cannulated. Hydropenic preparations were maintained by an 

1 5 intravenous injection of 1 .2 ml of 0.9% NaCI containing 10% polyfructosan 

(Inutest, Laevosan, Linz, Austria) and 2% para-aminohippuric acid (PAH) (Merck 
Sharp & Dohme, West Point, PA) via the cannula in the jugular vein during the 
experimental period. Forty-five minutes was allowed for the preparation to reach 
a steady state. Timed urine collections were obtained, with blood (0.6 ml) 

20 collected between clearance periods. For maintenance of hematocrit, red blood 
cells from each blood sample were reconstituted to the same volume with 0.9% 
NaCI and reinjected through the arterial cannula. At the end of each experiment, 
kidneys were excised, blotted, and weighed. Urine volume was determined 
gravimetrically. Polyfructosan and PAH concentrations were determined by 

25 modified anthrone and colorimetric methods, respectively [85]. Glomerular 
filtration rate (GFR) and renal plasma flow (RPF) were determined from the 
clearance of polyfructosan and PAH, respectively. Renal blood flow (RBF) was 
calculated from RPF and hematocrit. Clearance data were normalized to kidney 
weight. 

30 
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Morphological and histological investigation of the heart and kidney. 

Rats were anesthetized with pentobarbital (50 mg/kg body weight) and 
hearts and kidneys were removed, cleaned, washed in saline, blotted and weighed. 
Slides of the kidney and heart were preserved in 4% buffered formaldehyde 
5 solution and embedded in paraffin. Five um sections were cut with a microtome, 
mounted on glass slides and stained with hematoxylin-eosin, then analyzed 
microscopically and morphornetrically. Histological sections of rat heart muscle 
were analyzed from all experimental groups. Cardiac myocyte diameters were 
measured in two perpendicular directions using an ocular micrometer with an 

1 0 engraved measuring scale [8 1 ]. The ocular micrometer was calibrated against a 
stage micrometer, and conversion factors were calculated for. low (x 4 objective) 
and high (x 45 objective) magnifications. Cardiac myocytes were judged to be cut 
in cross section when the shorter measurement was not more than 2 jam wider than 
the longer measurement. The average of the two measurements was then recorded 

15 as the cross-sectional diameter of the measured myocyte. The mean diameter of 
200 cardiomyocytes in each group was measured with a calibrated eyepiece at a 
magnification of x 450. All sections were evaluated in a blind study in which 
knowledge of the group to which the measurements belonged was revealed only 
, after the data were tabulated. 

20 

Statistical analysis. 

Data were analyzed using standard statistical methods. Repeated blood 
pressure measurements at each time point were taken for comparison between 
control and experimental groups. The blood pressure data were analyzed with the 
25 use of ANOVA and Fisher's protected least significant differences. Group data are 
expressed as mean ± SEM. Values were considered significantly different at a 
value of P<0.05. 

Kallikrein gene delivery reduces blood pressure in hypertensive Dahl-SS rats 
30 on a high salt diet. 

Dahl-SS rats (4 weeks old) were fed a high salt (4% NaCl) diet or normal 
control diet (rat chow, 0.4% NaCl) for 4 weeks. The blood pressure of Dahl-SS 
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rats on a 4% NaCI diet increased with the change in dietary salt intake and the 
differences between low and high salt groups reached over 50 mmHg prior to 
kallikrein gene delivery. Rats (8 weeks old) on a high salt diet were then divided 
into two groups and injected via the tail vein with either a viral vector containing 
5 the human tissue kallikrein gene (Ad.CMV-cHK) or a control vector containing 
the bacterial LacZ gene (Ad.CMV-LacZ). The blood pressure of Dahl-SS rats fed 
a high salt diet increased markedly as compared to rats on a low salt diet (0.4% 
NaCI). Delivery of the human tissue kallikrein gene resulted in a significant 
reduction of blood pressure in salt-induced hypertensive Dahl-SS rats at 4 and 1 1 
10 days post injection. The difference in blood pressure between the control group 
and the group receiving kallikrein gene delivery persisted for more than 2 weeks 
post injection. 

Expression of human tissue kallikrein after gene delivery. 

15 Expression of the human tissue kallikrein mRNA in Dahl-SS rats after 

gene delivery was detected by RT-PCR followed by Southern blot analysis using 
three oligonucleotides specific for human tissue kallikrein. Total RNAs were 
prepared from tissues of rats 12 days after gene delivery. Human kallikrein 
mRNA can be detected in the kidney, heart, aorta and liver. The RT-PCR 

20 products from rats receiving the Ad.CMV-LacZ gene did not hybridize to the 
human tissue kallikrein gene probe. Similar levels of p actin mRNA were 
detected in tissues of both experimental and control groups, verifying the quality 
of RNA in these samples. These results indicate that Southern blot analysis is 
specific for human tissue kallikrein and that endogenous rat tissue kallikrein 

25 family members do not interfere with the assay. 

Following intravenous injection of Ad.CMV-cHK adenovirus, human 
tissue kallikrein levels in rat sera and urine, collected at different time periods, 
were measured by ELISA. The highest level of immunoreactive human tissue 
30 kallikrein in rat serum was 254.1 ± 0.9 ng/ml on the, third day after gene delivery. 
Also, immunoreactive human tissue kallikrein was measured in the urine of 
Dahl-SS rats receiving Ad.CMV-cHK (16.3 ± 3.6 ug/100 g body weight/day) but 
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not in the urine of control rats receiving Ad.CMV-LacZ. Linear displacement 
curves for immunoreactive kallikrein in rat sera and urine were parallel with the 
standard curve of human tissue kallikrein, indicating their immunological identity. 

5 Increased urinary excretion, kinin, NOx t cAMP, cGMP and human tissue 
kallikrein levels in rats receiving kallikrein gene delivery. 

Urinary excretion, kinin, NOx, cAMP and cGMP levels in Dahl-SS rats 
were measured at 7 days post gene delivery. Urine volume significantly increased 
in rats receiving kallikrein gene delivery as compared to control rats (13.7 ± 0.7 

1 0 versus 9,2 ± 1 .5 ml/100 g body weight per day, mean ± SEM; n^6, PO.05), 

Urinary kinin levels increased by 3-fold after kallikrein gene delivery as compared 
to control rats receiving Ad.CMV-LacZ (35.4 ± 9.0 vs. 12.0 ± 4.4 ng/100 g body 
weight/day, n=5, P<0.01). Urinary cAMP content increased significantly after 
kallikrein gene delivery as compared to control rats receiving Ad.CMV-LacZ 

15 (18.5 ±1.0 vs. 1 5.1 ± 0.9 nmol/lOOg body weight/day, n=5,P<0.05). Urinary 
cGMP levels increased by 1.5-fold after kallikrein gene delivery as compared to 
control rats receiving Ad.CMV-LacZ (17.6 ± 1.9 vs. 11 .4 ± 2.0 nmol/100 g body 
weight/day, n=5, P<0.01). Urinary NOx content increased significantly after 
kallikrein gene delivery as compared to control rats receiving the LacZ gene (0.83 

20 ± 0.27 vs. 0.13 ± 0.07 umole/100 g body weight/day, n=4, P<0.05). 

Morphological changes in the heart after gene delivery. 

The left ventricular weight is significantly increased in Dahl-SS rats on a 
high salt diet (4% NaCI) and injected with Ad.CMV-LacZ, as compared to control 

25 rats given a normal salt diet (0.4% NaCI) (0.44 ± 0.03 versus 0.27 ± 0.01 g per 
100 g body weight, mean ± SEM; n=6, P<0.05). The left ventricular weight is 
significantly decreased in Dahl-SS rats given 4% NaCI in the diet, but injected 
with the tissue kallikrein gene (Ad.CMV-cHK) as compared to rats injected with 
Ad.CMV-LacZ (0.38 ± 0.04 versus 0.44 ± 0.03 g per 100 g body weight, mean ± 

30 SEM; n-6, P<0.05). The high salt loading resulted in an enlarged average 

diameter of cardiomyocytes in Dahl-SS rats with Ad.CMV-LacZ injection. The 
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average diameter of cardiomyocytes in the group receiving kallikrein gene transfer 
is significantly less than that of the Ad.CMV-LacZ group (16.8 ± 0.2 versus 20.7 
± 0.2 um, mean ± SEM; n=200, P<0.01), Cardiac myocytes of animals on a 
normal salt diet (0.4% NaCl) appeared normal and uniform in diameter (13.6 ± 0.3 
5 um, mean ± SEM; n=200) and were used as the baseline of comparison for the 
high salt and gene-injected animals. Diffuse interstitial proliferation was 
occasionally found in the LacZ group but not in the group receiving kallikrein - 
gene delivery. These results indicate that salt-induced cardiac hypertrophy can be 
at least partially reversed by kallikrein gene delivery in Dahl-SS rats. 

10 

Effects of kallikrein gene delivery on renal function. . 

Glomerular filtration rate in Dahl-SS rats fed a high salt diet and injected 
with control adenovirus Ad.CMV-LacZ decreased by 35% compared to control 
rats on a normal salt diet (0.31 ±0.13 vs. 0.91 ± 0.08 ml/min/g kidney weight, 

15 mean ± SEM, n=4, P<0.05). After kallikrein gene delivery, glomerular filtration 
rate in Ad.CMV-cHK-injected rats increased 2.1 -fold as compared to those rats 
injected with Ad.CMV-LacZ (0.66 ± 0.07 vs. 0.31 ±0.13 ml/min/g kidney weight, 
mean ± SEM, n=4, P<0.05). Similarly, renal blood flow in Dahl-SS rats fed a 
high salt diet and injected with control adenovirus Ad.CMV-LacZ was reduced 

20 56% compared to control rats on a normal salt diet (6.3 ± 1 .9 vs. 1 1 .8 ± 2.8 
ml/min/g kidney weight, mean ± SEM, n= 4, P<0.05) while kallikrein gene 
delivery caused a 1.9-fold increase as compared to those rats injected with 
Ad.CMV-LacZ (12.0 ± 2.0 vs. 6.3 ± 1.9 ml/min/g kidney weight, mean ± SEM, 
n= 4). These results suggest that salt-induced renal damage leads to impairment 

25 of glomerular filtration and renal blood flow, and that kallikrein gene delivery 
causes reversal of renal damage. 

Morphological changes in the kidney after gene delivery. 

Histological sections of the renal cortex and medulla, stained with 
30 hematoxylin and eosin, showed some reversal of salt-induced renal injury in 
Dahl-SS rats after kallikrein gene delivery. The cortex and medulla of control 
Dahl-SS rats fed a normal salt diet generally appeared normal, although small 
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casts were occasionally seen in medullary tubules. High salt loading for 4 weeks 
resulted in significant renal injury in both the cortex and the medulla. In the 
cortex of animals treated with either high salt alone (.4 weeks) or high salt (6 
weeks) plus Ad.CMV-LacZ for 2 weeks, damage was marked. This included 
5 decreased cell height and loss of brush borders in proximal tubules, thickening of 
glomerular basement membranes with apparent glomerular sclerosis, and focal 
accumulation of inflammatory cells. Sites of focal (micro) hemorrhage were 
observed in Dahl-SS rats fed a high salt diet with and without Ad.CMV-LacZ for 
2 weeks. Thickening of the arterial muscular layer (media) was obvious in both 

10 arcuate and interlobular arteries in these animals. In Dahl-SS fed a high salt diet 
and receiving kallikrein gene delivery (Ad.CMV-cHK), proximal tubules and 
glomeruli exhibited much less damage. No examples of hemorrhage were 
observed and inflammatory ceil infiltration appeared decreased. The arterial 
media was, in most cases, intermediate in thickness between low-salt animals and 

15 high-salt animals receiving Ad.CMV-LacZ for 2 weeks. In addition, it is 

intriguing that mitoses were often seen in proximal tubule cells, and occasionally 
in collecting duct cells in animals receiving kallikrein gene delivery 
(Ad.CMV-cHK). 

20 A protective effect of salt-induced glomerular sclerosis in Dahl-SS rats 

after kallikrein gene delivery was demonstrated. Of 75 glomeruli counted in 
control rats on a low salt diet, only 1.0 ± 1.3% exhibited sclerosis, compared with 
25.8 ± 4.5% of 90 glomeruli counted in LacZ animals fed a high salt diet for 6 
weeks (PO.0I). Of 70 glomeruli counted in Dahl-SS rats receiving kallikrein 

25 gene therapy and a high salt diet, 12. 1 ± 3.8 % exhibited sclerotic changes which 
is a 50% reduction of glomerular damage, compared to the LacZ group (P<0.05). 



In the medulla, salt loading resulted in the development of large colloidal 
casts in renal tubules. These were also present in animals receiving the control 
30 LacZ gene (Ad.CMV-LacZ), but greatly reduced in rats receiving kallikrein gene 
delivery (Ad.CMV-cHK). These results indicate that adeno virus-mediated 
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kallikrein gene delivery improved salt-induced renal dysfunction and partially 
reversed morphological evidence of injury in Dahl-SS rats. 

Example X. Atrial Natriuretic Peptide Gene Delivery Reduces 
5 Stroke-Induced Mortality Rate 
in Dahl Salt-Sensitive Rats. 

Materials. 

Dahl salt-sensitive rats (Dahl-SS, male, 4 weeks old) (Sprague-Dawley 
10 Harlan, Indianapolis, IN) were used in this study. Rats were divided into two 
groups. The first group was fed a standard rat chow (0.4% NaCl) ) (Harlan 
Teklad, Madison, WI). The other group was fed a high salt diet (4% NaCl) 
(Harlan Teklad, Madison, WI). All rats had free access to water. Throughout the 
study period, all animals were housed in a room that was kept at constant 
1 5 temperature (25 ± I°C) and humidity (60 ± 5%) and was lighted automatically 
from 8:00 am to 8:00 pm. All procedures complied with the standards for care 
and use of animal subjects as stated in the Guide for the Care and Use of 
Laboratory Animals (Institute of Laboratory Resources, National Academy of 
Sciences, Bethesda, MD). 

20 

Preparation of replication-deficient adenovirus vector Ad.RSV-cAN P. 

Plasmid RSV-cANP was constructed as previous described [86], in which 
the expression of human atrial natriuretic peptide cDNA (456 bp) was under the 
control of the Rous sarcoma virus long terminal repeat (RSV-LTR) and was 

25 followed by a SV40 poly A signal sequence. The transcription unit of 
RSV-cANP-poly A (1618 bp), including the RSV-LTR, the human atrial 
natriuretic peptide cDNA, and a Simian virus 40 poly A signal sequence, was 
released from the RSV-cANP plasmid by Sal I digestion. Plasmid 
pAd.RSV-cANP was constructed by inserting the released fragment into the 

30 adenovirus shuttle vector pAdLink.l (adenoviral capacity, 8 kb) at a Sal I site. 

The pAd.RSV-cANP plasmid DNA was purified using a Qiagen plasmid DNA kit 
(Qiagen, Chatsworth, CA) [87]. The purified DNA was sent to the Institute for 
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Human Gene Therapy, Wistar Institute, Philadelphia, for generation of adenovirus 
Ad.RSV-cANP harboring the RSV-cANP-poly A transcription unit. Adenovirus 
harboring the LacZ gene under the control of the Rous sarcoma virus promoter 
(Ad.RSV-LacZ) was purchased from the Institute for Human Gene Therapy, 
5 Philadelphia. 

Intravenous Delivery of Adenoviral Vectors Ad.RSV-cANP and Ad.RSV-LacZ. 

Twenty-seven Dahl-SS rats fed a high salt diet containing 4% NaCl for 4 
weeks were randomly divided into three groups and were intravenously (IV) 
1 0 injected with either Ad.RSV-cANP (n= 1 3) or Ad.RS V-LacZ (n=7) at a dosage of 
2.4 x 10 !0 pfu (plaque formation unit) per rat through the tail vein. Seven Dahl-SS 
rats on a 4% NaCl diet did not receive any adenovirus injection. 

Blood pressure measurement. 

15 The systolic blood pressure of rats was measured with a 

manometer-tachometer (Nastume KN-210; Nastume Seisakusho Co. Ltd., Tokyo, 
Japan) using the taii-cuff method [86]. Unanesthetized rats were introduced into a 
plastic holder mounted on a thermostatically controlled warm plate, which was 
maintained at 33-35°C during the measurement. An average of ten readings was 

20 taken for each animal. 

Tissue preparation. 

At 3 days after gene delivery, rats from each group were anesthetized 
intraperitoneal^ with pentobarbital at a dose of 50 mg/kg body weight and 

25 perfused with normal saline (0.9% NaCl) by cardiac puncture. Tissues were 
homogenized in normal saline with a Polytron (Brinkmann Instruments, 
Westbury, NY). The homogenate was centrifuged at 600 x g for 10 minutes. The 
supernatant was incubated in 0.5% sodium deoxycholate and then centrifuged at 
10,000 x g for 30 minutes. Total protein in the supernatant was determined by 

30 Lowry's method [88]. At 4 weeks after ANP gene delivery, all survivals were 
sacrificed. Brains and thoracic aortas were immediately removed and processed. 
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Radioimmunoassay (R1A) for human ANP. 

The level of human atrial natriuretic peptide in each tissue extract was 
determined by a RIA specific for human ANP. Ten micrograms of human 
synthetic ANP (Ser 99-Tyr 126) (Sigma Chemical Co., St. Louis, MO) was 
5 labeled with 1 mCi of l25 -Iodine which was iodinated with iodogen for 10 min at 
room temperature. The iodinated ANP in 250 mmol/L sodium phosphate buffer, 
pH 7.0, was separated on a reverse-phase C-18 HPLC column in an acetonitrile 
gradient. 125 I-ANP labeled tracer which was eluted from the column at 1 9-20 min 
post-injection was identified by antibody titration. Serial dilutions of standard 

1 0 ANP ( 1 0 pg- 1 280 pg) or tissue extracts ( 1 00 uL) were incubated with 

goat-anti-human ANP antiserum (1:1 500 dilution, Sigma Chemical Co., St. 
Louis, MO) in a solution containing 0.01 mol/L PBS, pH 7.4, 0.3% BSA, 0.1% 
Triton XI 00, 0.1 mmol/L EDTA and 0.1% sodium azide, and I25 I-ANP tracer 
(10,000 cpm in 100 uL) in a total volume of 400 uL for 18-24 hours at 4°C. The 

1 5 reaction was stopped by adding 800 u.L of 25% polyethylene glycol (PEG) in PBS 
containing 0.1% sodium azide and 400 uL of 1% bovine gamma-globulin in PBS 
containing 0. 1% sodium azide. The radioactivity of the precipitate was 
determined in a gamma counter. 

20 Monitoring of stroke development. 

The rats were monitored daily for the occurrence of stroke. The symptoms 
associated with stroke development have been previously described for SHRSP 
[89,90]. Initially, SHRSP develop convulsive repetitive forearm movement 
followed by inappropriate posture during which rats sit with legs hyperextended in 

25 a "kangaroo-type" posture. In this study, the symptom associated with Dahl-SS 
rats was often associated with lethargy and poor grooming. There is no typically 
fixed period between the onset of the first behavioral symptom of stroke and 
death. Some animals died abruptly after the first behavioral symptom of stroke. 
While others were sacrificed at a point when death was likely to occur within a 

30 day. 
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Confirmation of infarction area of stroke brain. 

Serial coronal brain sections (2 mm in thickness) were prepared and were 
stained with 2, 3, 5-triphenyl-tetrazolium chloride (TTC) [91] (Sigma Chemical 
Co.)- Brain slices were immersed in normal saline containing 2% TTC at 37°C for 
5 30 minutes. TTC, a colorless salt, is reduced to form an insoluble red formazan 
product in the presence of a functioning mitochondrial electron transport chain. 
. Thus, the infarcted region lacks staining and appears white, whereas the normal, 
noninfarcted tissue appears red. 

1 0 Morphological and histological investigations. 

Sections of the brain and thoracic aorta were preserved in 4% buffered 
formaldehyde solution and paraffin embedded. Five um-thick sections were cut 
and stained with hematoxylin-eosin (HE) and analyzed microscopically and 
morphometrically. Measurements of the thickness of aortic wall were performed 

15 as described. Ten measurements taken from different positions of each aorta were 
averaged. All sections were evaluated by independent personnel with no prior 
knowledge of the group from which rats were obtained. 

Statistical analysis. 

20 Repeated blood pressure measurements at each time point were taken after 

gene delivery for comparison between control and experimental groups, and data 
were analyzed with the use of either unpaired Student's t-test or ANOV A and 
Fisher's protected least significant differences. Group data were expressed as 
mean ± SEM. Survival curves were constructed using Kaplan-Mier analysis. 

25 Statistical significance of these data was measured by analysis of variance and x 2 , 
using a SAS software package. Values of blood pressures and other parameters 
were considered significantly different at a value of P<.05. 

Blood pressure reduction after intravenous injection of the human ANP gene. 
30 Dahl-SS rats (4 weeks old) were fed a high salt (4% NaCl) diet or normal 

rat chow (0.4% NaCl) as controls for 4 weeks until blood pressure differences 
between these two groups reached over 45 mmHg. Dahl-SS rats on the high salt 
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diet were divided into three groups and two groups were intravenously injected 
with either adenovirus Ad.RSV-cANP carrying the ANP gene or control virus 
Ad.RSV-LacZ containing the LacZ gene through the tail vein. One group was not 
given any adenovirus injection. Blood pressures of these rats were monitored 
5 weekly for 3 weeks post gene delivery. Delivery of the human ANP gene caused 
a significant reduction of blood pressure at 1 week after injection and the effect 
lasted for more than 3 weeks. A maximal blood pressure reduction of 28 mmHg 
was observed 14 days after ANP gene delivery as compared to that of rats injected 
with control virus Ad.RSV-LacZ (219.9 ± 5.9 vs. 247.9 ± 3.1 mmHg, mean ± . 
10 SEM, n=6, P<.01). In contrast, blood pressures of control rats on a normal salt 
diet (0.4% NaCl) remained around 135-155 mm Hg throughout the experimental 
period. 

Expression of hitman ANP after gene delivery. 

1 5 Expression levels of human ANP in Dahl-SS rats were analyzed by a R1A 

specific for human ANP. Immunoreactive human ANP was detected in the heart 
(35.9 ± 3.4 ng/mg protein, n=3), lung (6.5 ± 0.3 ng/mg protein, n=3), kidney (15.3 
± 0.9 ng/mg protein, n=3), and brain (104.5 ( 18.6 pg/mg protein, n=3) 3 days 
after intravenous injection of the human ANP gene. Linear displacement curves 

20 for immunoreactive ANP in the heart, lung, brain and kidney of Dahl-SS rats were 
parallel with the standard curve of human ANP, indicating their immunological . 
identity. Serial dilutions of the heart, lung and kidney extracts from control rats 
injected with Ad.RSV-LacZ showed a lack of parallelism with the human ANP 
standard curve. These results indicate that goat anti-human ANP antibody has 

25 some cross-reactivity with rat ANP, however, human and rat ANP are not 
immunologically identical and are distinguishable in the RIA. 

Mortality rate of Dahl-SS rats with stroke. 

Dahl-SS rats began to show symptoms of stroke including lethargy, poor 
30 grooming, convulsive repetitive forearm movement or semiplegia at five and a 
half weeks after high salt loading. Some animals died rapidly after the first 
behavioral symptom of stroke. Kaplan-Meier survival plots for Dahl-SS rats after 
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ANP gene delivery were analyzed. At 3 weeks after ANP gene delivery (51 days 
after high salt loading), the survival rates were 100% in control (0.4% NaCl diet), 
83% in the Ad.RSV-cANP group (4% NaCl), and 46% in high salt loading (4% 
NaCl diet alone and Ad.RSV-LacZ) groups. At 4 weeks after adenovirus injection 
5 (58 days after high salt loading), 70% of Dahl-SS rats fed a high salt with or 
without LacZ adenovirus injection died from stroke. Cumulatively, 50% of 
Dahl-SS rats in the Ad.RSV-cANP group survived. The Kaplan-Meier plots were 
analyzed statistically by x\ generating a P value of <05. Pathological changes in 
coronal brain sections including hemorrhage, edema and focal infarction were 
10 observed in Dahl : SS rats with stroke at 4 weeks after gene delivery. Focal 

infarction regions in the brain from individuals of the high salt group were stained 
white with 2% TTC. After ANP gene delivery, brain sections of Dahl-SS rats 
appeared reddish and relatively normal. 

] 5 Human ANP gene delivery* reduced salt-induced aortic thickening in Dahl-SS rats. 
The thickness of aortic wall was significantly reduced in the 
Ad.RSV-cANP group at 4 weeks after gene delivery as compared to that of the 
Ad.RSV-LacZ group (153.5 ± 2.2 vs. 202.8 ±18.1 urn, mean ± SEM, n=5, 
P<.05), while the aortic wall of Dahl-SS rats on a 0.4% NaCl diet was 136.7 ± 3.5 

20 u.m in thickness. These results indicate that human ANP gene delivery can 

attenuate, at least in part, salt-induced aortic hypertrophy in hypertensive Dahl-SS 
rats. 

Although the present invention has been described with reference to 
25 specific details of certain embodiments thereof, it is not intended that such details 
should be regarded as limitations upon the scope of the invention except as and to 
the extent that they are included in the accompanying claims. 

Throughout this application, various publications are referenced. The 
30 disclosures of these publications in their entireties are hereby incorporated by 

reference into this application in order to more fully describe the state of the art to 
which this invention pertains. 
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Table 1. Physiological Analysis of DS Rats Injected with Ad.CMV-cHK and Ad.CMV- 
LacZ 



Variables 


Ad.CMV-LacZ 


Ad.CMV-cHK 


Systolic blood pressure 
(mmHg) 


170.9 ±0.3 


162.8 ± 0.6 t 


Heart rate 
(beats/min) 


421 ± 14 


467 ±4 


Body weight 
(grams) 


219.2 ±6.5 


214.2 ±2.3 


Water intake 

(mL/lOOg body wt per day) 


3.5 ± 0.9 


1 1.7 ± 2.3 * 


Urine volume 

(mL/lOOg body wt per day) 


6.8 ±0.9 


12.9 ±2.0* 


Urinary Na output 
(mmol/lOOg body wt per day) 


0.27 ± 0.06 


0.40 ±0.02* 


Urinary K output 
(mmol/lOOg body wt per day) 


0.49 ±0.05 


0.58 ±0.05 


Urinarv creatinine 
(mg/100g body wt per day) 


2.29 ± 0.03 


2.9 ± 0.3 


Urinary protein 

(mg/lOOg body wt per day) 


20.0 ±5.0 


22.6 ± 1.7 


Urinary kinin 

(nmol/1 OOg body wt per day) 


9.9 ±2.2 


50.7 ± 6.7 f 


Urinary cGMP 

(nmol/1 OOg body wt per day) 


7.6 ± 1.0 


10.7 ±2.1 * 



Young DS rats received either Ad.CMV-cHK or Ad.CMV-LacZ injection at the age of 
five and a half weeks old and physiological measurements of rats were performed nine days 
post gene delivery. Values for each group are reported as mean±SEM (n=6). Six rats from 
each group were measured for systolic pressure, heart rate, body weight, water intake, urine 
output, and urinary electrolytes. Statistical significance between the two groups was 
determined by the unpaired Student's t -test. A value of P>0.05 was interpreted as indicating 
an insignificant difference between the groups, t PO.01 . *P<0.05. 
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Variables (1) Control (2) Ad.CMV-LacZ 3) Ad.CMV-cHK 
(0,44%NaCl) (4% NaCl) (4%NaCl) 

Whole cardiac weight 0.36 ± 0.01 f 0.49 ± 0.04 0.46 ± 0.02 
(g/lOOg body wt) 

Left ventricular weight 03 1 ± 0.06 * 0.38 ± 0.04 0.36 ± 0.02 ** 
(g/lOOg body wt) 

Cardiomyocyte 14.7 ±0.6* 19.1 ±0.6 16.8 ±0.3** 

diameter 

(Mm) 

Left renal mass 0.45 ± 0.03 f 0.58 ± 0.06 0.55 ± 0.06 
(g/lOOgbody wt) 

Right renal mass 0.44 ± 0.02 t 0.59 ± 0.05 0.55 ± 0.05 
(g/lOOg body wt) 



Data were analyzed with ANOVA. Values for each group are reported as mean±SEM (n=6). 
^represents P<0.05, group (1) versus group (2) or (3); f represents P<0.01, group (1) versus 
group (2) or (3). **represents P<0.05, group (3) versus group (2). 
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Table 3. Physiological Analysis of DS Rats Injected with Ad.RSV-cANP and Ad.CMV- 
LacZ 



Variables 


Ad.CMV-LacZ 


Ad.RSV-cANP 


Systolic blood pressure 
(mmHg) 


172.3 ± 1.6 


155.3 ± 1.17 t 


Heart rate 
(beats/min) 


402 ±8 


377 ±16 


Rodv vvpipht 
(grams) 


1 66.2 ± 2.2 


166 8 ± 3 6 


AA/ater intuit 

(mL/100g body wt per day) 


9.9 ± 2.7 


12.0 ±3.0 


Urine volume 

(mL/1 OOg body wt per day) 


11 5! + 1 7 
1 1.6 ± Y.I 


1 £ 7 -4- O 7 * 
10./ ± jL. 1 


Urinary Na output 

(mmol/1 OOg body wt per day) 


0.44 ± 0.07 


0.72 ± 0.06 * 


Urinary protein 
(mg/lOOg body wt per day) 


64.7 ±2.8 


88.0 ± 15.4 


Urinary cGMP 

(nmol/lOOg body wt per day) 


7.62 ± 1.02 


36.43 ± 13.73 * 



Young DS rats received either Ad.RSV-cANP or Ad.CMV-LacZ injection at the age of 
five and a half weeks old and physiological measurements of rats were performed eleven 
days post gene deliver)'. Values for each group are reported as mean±SEM (n=6). Six rats 
from each group were measured for systolic pressure, heart rate, body weight, water intake, 
urine output, and urinary electrolytes. Statistical significance between the two groups was 
determined by the unpaired Student's / -test. A value of i>>0.05 was interpreted as indicating 
an insignificant difference between the groups. \P<§S)\ . * P<0.05. 
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Table 4. Morphological Changes of Dahl-SS Rats after Ad.RS V-cANP Gene Delivery 



Variables 


(1) Control 
(0.4%NaCl) 


(2) Ad.CMV-LacZ 
(4% NaCl) 


3) Ad.RSV-cANP 
(4% NaCl) 


^A/t"n~»1f» r*ci , rHiijr* vi/AicrVif ■ 
W I1UIC lalUlat WClfc^lll 

(g/lOOg body wt) 


0 3S ± 0 01 f 


0 54 ± 0 04 


0 43 ± 0 03 


T Aft vpntriPiiliJT vn/pioht 
LCI I VCI1U ICUlal WClglll 

(g/lOOg body wt) 


0 94 + 001 t 


0 41 ± 0 04 


0 32 ± 0 003 ** 


Cardiomyocyte 
diameter 
(ptm) (n=120) 


i A 1 A * 

13.27 ± 0.10 * 




1 j.ZZ ±0.13 " 


Average renal mass 
(g/lOOg body wt) 


0.41 ±0.01 t 


0.61 ±0.01 


0.55 ± 0.03 ** 


Aortic weight 
(g/lOOg body wt) 


0.03 ± 0.002 t 


0.04 ± 0.004 


0.03 ± 0.01 



Data were analyzed with ANOVA. Values for each group are reported as mean ± SEM 
(n=6). * represents PO.05, group (1) versus group (2) and (3); f represents P<0.01, group 
(1) versus group (2) and (3); ** represents PO.05, group (3) versus group (2). 
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Table 5. Effects on Renal Function of Dahl-SS Rats after Ad.RSV-cANP Gene Delivery 



Variables 



Urine flow rate 
(^1/min/g kidney wt) 

Glomerular filtration rate 
(ml/min/g kidney wt) 

PAH clearance 
(mg/min/g kidney wt) 

Renal blood flow 
(ml/min/g kidney wt) 

Hematocrit 
(%) 



(I) Control 
(0.4%NaCl) 

6.12±2.75 
1.19 ± 0.17 *t 
1.93 ±0.64 * 
7.90 ±1.11 * 
57 ±3 * 



(2) Ad.CMV-LacZ 
(4%"NaCl) 

5.61 ± 1.77 
0.17 ±0.05 
0.04 ± 0.02 
0.18 ±0.07 
44 ±6 



3) Ad.RSV-cANP 
(4% NaCl) 

2.50 ±0.65** 
0.56 ± 0.06 ** 
1.78 ±0.71 ** 
6.95 ±0.31 ** 
56 ±2** 



Data were analyzed with ANOVA. Values for each group are reported as mean ± SEM (n=3 
or 4). * represents P<0.05, group (1) versus group (2); f represents P<0.05, group (1) versus 
(3). ** represents P<0.05, group (3) versus group (2). 
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Table 6. Effects of Human Kallikrein Gene Delivery on Urine Parameters of. 
Gentamycin Nephrotoxic Rats 

Groups 



Variables 



Control 



Gentamycin 
Ad.CMV-LacZ 



Gentamycin 
Ad.CMV-cHK 



Body Weight 
(g) 

Urine Volume 
(ml/day/ lOOg BW) 

Water Intake 
(ml/day/ lOOg BW) 

Human Tissue Kallikrein 
Gug/100gBW/day) 

Urinary Kinin 
(ng/lOOgBW/day) 

Urinary Nitric Oxide 
(^M/100g BW/day) 



263 ± 4.0 



6.0 ±0.6 



4.2 ± 1.2 



21.9 ±4.6 



392.5 ± 125.6 



251.4 ±3.9 
9.7 ± 1.5 
6.5 ± 1.4 
n.d. 

26.5 ±4.5 
593.1 ±21.3 



238.4 ±2.5 
10.9± 1.8 
11.4± 1.4 
3.2 ±0.9 
78.4±24.1 a 
871.2 ±92.8 a 



Gentamycin-induced nephrotoxicity in rats receiving adenoviral vectors Ad.CMV-cHK or 
Ad.CMV-LacZ via the tail vein on the first day of gentamycin administration. Urine 
collection was performed seven days after gene delivery. Values for each group are reported 
as mean ± SEM (n=3). Statistical significance among the three groups were determined by 
ANOVA. 

a PO.05 with respect to the gentamycin and Ad.CMV-LacZ group. 
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Table 7. Effects of Human Kaliikrein Gene Delivery on Renal Function of . 
Gentamycin Nephrotoxic Rats 



Variables 



UF (ml/min/g KW) 

GFR (ml/min/g 
KW) 

RBF (ml/min/g 
KW) 

KW(g/I00gBW) 



Control 
5.7 ±0.4 
0.94 ± 0.06 

11.1 ±0.9 

0.74 ± 0.04 



Gentamycin 
4.4 ± 0.3 
0.73 ± 0.05 

8.7 ±0.8 

I.I9±0.I4 



Groups 

Gentamycin 
Ad.CMV-LacZ 

5.0 ± 0.2 

0.83 ± 0.04 

92 ± 0.6 

1.05 ±0.08 



Gentamycin 
Ad.CMV-cHK 

18.5±0.4 a 

3.07±0.07 a 

32.0±2.1 a 

1 .05 ± 0.05 



Gentamycin-induced nephrotoxicity in rats receiving adenoviral vectors Ad.CMV-cHK or 
Ad.CMV-LacZ via the tail vein on the first day of gentamycin administration. Renal 
function study was performed and kidney weights were measured at ten days after gene 
delivery. UF, urine flow; GFR, glomerular filtration rate; RBF, renal blood flow; KW, 
kidney weight; BW, body weight. Values for each group are reported as mean ± SEM 
(n^4). Statistical significance among the four groups were determined by ANOVA. 
a P<0.0\ with respect to gentamycin and Ad.CMV-LacZ group 
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What is claimed is: 

1 . A method for treating a nonhypertension-associated renal disorder in a 
subject having a nonhypertension associated renal disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein under 
conditions whereby the nucleic acid encoding tissue kallikrein is expressed in a 
cell in the subject, thereby treating a nonhypertension-associated renal disorder. 

2. The method of claim 1, wherein the nucleic acid is administered to the 
subject in a virus. 

3. The method of claim 2, wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno-associated virus. 

4. The method of claim 2, wherein the virus is adenovirus. 

5. The method of claim 1, wherein the nucleic acid is administered to the 
subject in a liposome. 

6. The method of claim 1 T wherein the cell is a kidney cell. 

7. The method of claim 1 , wherein the cell is in vivo. 

8. The method of claim 1, wherein the cell is ex vivo. 

9. The method of claim I , wherein the nonhypertension-associated renal 
disorder is selected from the group consisting of renal injury, nephrotoxicity, 
nonhypertension-associated renal disease; salt-induced renal damage, 
glomerulosclerotic lesions, tubular injury, drug-induced renal damage, chronic 
renal failure, acute renal failure, nephrotic syndrome and diabetic nephropathy. 
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1 0. A method of treating a nonhypertension-associated cardiac disorder in a 
subject having a nonhypertension-associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein under 
conditions whereby the nucleic acid encoding tissue kallikrein is expressed in a 
cell in the subject, thereby treating the nonhypertension-associated cardiac 
disorder. 

11. The method of claim 10, wherein the nucleic acid is administered to the 
subject in a virus. 

12. The method of claim 1 U wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno associated virus. 

13. The method of claim 1 1, wherein the virus is adenovirus. 

14. The method of claim 10, wherein the nucleic acid is administered to the 
subject in a liposome. 

15. The method of claim 1 0 T wherein the cell is a cardiac cell. 

16. The method of claim 10, wherein the cell is in vivo. 

17. The method of claim 1 0, wherein the cell is ex vivo. . 

18. The method of claim 1 0, wherein the nonhypertension-associated cardiac 
disorder is selected from the group consisting of cardiac hypertrophy, 
nonhypertension-associated cardiac disease, heart failure after cardiac surgery, 
cardiac injury after myocardial infarction, myocardial ischemia, congestive heart 
failure and restenosis following angioplasty. 

19. A method for treating a nonhypertension-associated renal disorder in a 
subject having a nonhypertension-associated renal disorder comprising 
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administering to the subject a nucleic acid encoding atrial natriuretic. peptide under 
conditions whereby the nucleic acid encoding atrial natriuretic peptide is 
expressed in a cell in the subject, thereby treating a nonhypertension-associated 
renal disorder. 

20. The method of claim 19. wherein the nucleic acid is administered to the 
subject in a virus. 

2 1 . The method of claim 20. wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno-associated virus. 

22. The method of claim 20, wherein the virus is adenovirus. 

23. The method of claim 19, wherein the nucleic acid is administered to the 
subject in a liposome. 

24. The method of claim 1 9, wherein the cell is a kidney cell. 

25. The method of claim 19, wherein the cell is in vivo. 

26. The method of claim 19, wherein the cell is ex vivo. 

27. The method of claim 19, wherein the nonhypertension-associated renal 
disorder is selected from the group consisting of renal injury, nephrotoxicity, 
nonhypertension-associated renal disease; salt-induced renal damage, 
glomerulosclerotic lesions, tubular injury, drug-induced renal damage, chronic 
renal failure, acute renal failure, nephrotic syndrome and diabetic nephropathy. 

28. A method for treating a nonhypertension-associated cardiac disorder in a 
subject having a nonhypertension associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding atrial natriuretic peptide under 
conditions whereby the nucleic acid encoding atrial natriuretic peptide is 
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expressed in a cell in the subject, thereby treating the nonhypertension-associated 
cardiac disorder. 

29. The method of claim 28, wherein the nucleic acid is administered to the 
subject in a virus. 

30. The method of claim 29, wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno-associated virus. 

31 . The method of claim 29, wherein the virus is adenovirus. 

32. The method of claim 28, wherein the nucleic acid is administered to the 
subject in a liposome. 

33. The method of claim 28, wherein the ceil is a cardiac cell. 

34. The method of claim 28, wherein the cell is in vivo. 

35. The method of claim 28, wherein the cell is ex vivo, 

36. The method of claim 28, wherein the nonhypertension-associated cardiac 
disorder is selected from the group consisting of cardiac hypertrophy, 
nonhypertension-associated cardiac disease, heart failure after. cardiac surgery, 
cardiac injury after myocardial infarction, myocardial ischemia, congestive heart 
failure and restenosis following angioplasty. 

37. A nucleic acid comprising an isolated nucleic acid encoding tissue 
kallikrein and an isolated nucleic acid encoding atrial natriuretic peptide. 

38. The nucleic acid of claim 37 within an expression vector. 
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39. The nucleic acid of claim 38, wherein the expression vector comprises 
viral nucleic acid. 

40. The nucleic acid of claim 39, wherein the viral nucleic acid is nucleic acid 
selected from the group consisting of adenovirus, retrovirus and adeno associated 
virus nucleic acid. 

41 . The nucleic acid of claim 37 in a liposome. 

42. The nucleic acid of claim 37 in an adenoviral nucleic acid, wherein the 
nucleic acids can be packaged in an adenovirus particle and wherein expression of, 
the nucleic acid encoding the tissue kallikrein and the nucleic acid encoding the 
atrial natriuretic peptide results in production of tissue kallikrein and atrial 
natriuretic peptide. 

43. An adenovirus comprising the nucleic acid of claim 42. 

44. A composition comprising a vector comprising a nucleic acid encoding 
tissue kallikrein and a vector encoding atrial natriuretic peptide. 

45. The composition of claim 44, wherein the vector comprises viral nucleic 
acid. 

46. The composition of claim 45, wherein the viral nucleic acid is nucleic acid 
selected from the group consisting of adenovirus, retrovirus and adeno-associated 
virus nucleic acid. 

47. A method for delivering tissue kallikrein and atrial natriuretic peptide to a 
cell comprising administering to the cell a nucleic acid encoding tissue kallikrein 
and atrial natriuretic peptide under conditions whereby the nucleic acid is 
expressed, thereby delivering tissue kallikrein and atrial natriuretic peptide to the 
cell. 
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48. The method of claim 47, wherein the tissue kallikrein and atrial natriuretic 
peptide are delivered to the cell in vivo. 

49. The method of claim 47, wherein the tissue kallikrein and atrial natriuretic 
peptide are delivered to the cell ex vivo. 

50. The method of claim 47, wherein the nucleic acid is administered to the 
cell in a virus. 

51 . The method of claim 50, wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno-associated vims. 

52. The method of claim 50, wherein the nucleic acid is administered to the 
cell in an adenovirus. 

53. The method of claim 47, wherein the cell is selected from the group 
consisting of a heart cell, kidney cell, liver cell, lung cell, adrenal gland cell, 
endothelial cell, neuronal cell, myoblast and hematopoietic stem cell. 

54. The method of claim 47, wherein the nucleic acid is administered to the 
cell in a liposome. 

55. A method for treating a nonhypertension-associated renal disorder in a 
subject having a nonhypertension-associated renal disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic 
acid encoding atrial natriuretic peptide under conditions whereby the nucleic acid 
encoding tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide 
are expressed in a cell in the subject, thereby treating the nonhypertension- 
associated renal disorder. 

56. The method of claim 55, wherein the nucleic acids are administered to the 
subject in a virus. 
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57. The method of claim 56, wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno-associated virus. 

58. The method of claim 56, wherein the virus is adenovirus. 

59. The method of claim 55, wherein the nucleic acids are administered to the 
subject in a liposome. 

60. The method of claim 55, wherein the cell is a kidney cell. 

61 . The method of claim 55 , wherein the cell is in vivo. 

62. The method of claim 55, wherein the cell is ex vivo. 

63. The method of claim 55, wherein the nonhypertension-associated renal 
disorder is selected from the group consisting of renal injury, nephrotoxicity, 
nonhypertension-associated renal disease; salt-induced renal damage, 
glomerulosclerotic lesions, tubular injury, drug-induced renal damage, chronic 
renal failure, acute renal failure, nephrotic syndrome and diabetic nephropathy. 

64. A method of treating a nonhypertension-associated cardiac disorder in a 
subject having a nonhypertension-associated cardiac disorder, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and a nucleic 
acid encoding atrial natriuretic peptide under conditions whereby the nucleic acid 
encoding tissue kallikrein and the nucleic acid encoding atrial natriuretic peptide 
are expressed in a cell in the subject, thereby treating the nonhypertension- 
associated cardiac disorder. 

65. The method of claim 64, wherein the nucleic acids are administered to the 
subject in a virus. 
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66. The method of claim 65, wherein the virus is selected from the group 
consisting of adenovirus, retrovirus and adeno associated virus. 

67. The method of claim 65, wherein the virus is adenovirus. 

68. The method of claim 64, wherein the nucleic acids are administered to the 
subject in a liposome. 

69. The method of claim 64, wherein the cell is a cardiac cell. 

70. The method of claim 64, wherein the cell is in vivo. 

71. The method of claim 64, wherein the cell is ex vivo. 

72. The method of claim 64, wherein the nonhypertensi on-associated cardiac 
disorder is selected from the group consisting of cardiac hypertrophy, 
nonhypertension-associated cardiac disease, heart failure after cardiac surgery, 
cardiac injury after myocardial infarction, congestive heart failure and restenosis 
following angioplasty. 

73. A method for treating and/or preventing a cerebrovascular disorder in a 
subject having a cerebrovascular disorder and/or at risk of having a 
cerebrovascular disorder, comprising administering to the subject a nucleic acid 
encoding tissue kallikrein and/or a nucleic acid encoding atrial natriuretic peptide 
under conditions whereby the nucleic acid encoding tissue kallikrein and/or the 
nucleic acid encoding atrial natriuretic peptide is expressed in a cell of the subject, 
thereby treating and/or preventing the cerebrovascular disorder. 

74. A method for treating and/or preventing an occlusive artery disorder (e.g., 
restenosis) in a subject having an occlusive artery disorder and/or at risk of having 
an occlusive artery disorder, comprising administering to the subject a nucleic 
acid encoding tissue kallikrein and/or a nucleic acid encoding atrial natriuretic 
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peptide under conditions whereby the nucleic acid encoding tissue kallikrein 
and/or the nucleic acid encoding atrial natriuretic peptide is expressed in a cell of 
the subject, thereby treating and/or preventing the occlusive artery disorder. 

75. A method for inhibiting vascular smooth muscle cell growth and/or 
inhibiting neointimal formation in a blood vessel of a subject in need of inhibition 
of vascular smooth muscle cell growth and/or neointimal formation in a blood 
vessel, comprising administering to the subject a nucleic acid encoding tissue 
kallikrein and/or a nucleic acid encoding atrial natriuretic peptide under conditions 
whereby the nucleic acid encoding tissue kallikrein and/or the nucleic acid 
encoding atrial natriuretic peptide is expressed in a cell of the subject, thereby 
inhibiting vascular smooth muscle cell growth and/or neointimal formation in a 
blood vessel of the subject. 

76. A method for treating and/or preventing renal damage and/or renal injury 
caused by drug-induced and/or salt-induced nephrotoxicity in a subject having 
renal damage and/or renal injury caused by drug-induced and/or salt induced 
nephrotoxicity and/or at risk of having renal damage and/or renal injury caused by 
drug-induced and/or salt-induced nephrotoxicity, comprising administering to the 
subject a nucleic acid encoding tissue kallikrein and/or a nucleic acid encoding 
atrial natriuretic peptide under conditions whereby the nucleic acid encoding 
tissue kallikrein and/or the nucleic acid encoding atrial natriuretic peptide is 
expressed in a cell of the subject, thereby treating and/or preventing renal damage 
and/or renal injury caused by drug-induced and/or salt-induced nephrotoxicity. 

77. A method for stimulating renal tubular regeneration and/or reversing pre- 
existing renal injury in a subject in need of stimulation of renal tubular 
regeneration and/or reversal of pre-existing renal injury, comprising administering 
to the subject a nucleic acid encoding tissue kallikrein and/or a nucleic acid 
encoding atrial natriuretic peptide under conditions whereby the nucleic acid 
encoding tissue kallikrein and/or the nucleic acid encoding atrial natriuretic 
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peptide is expressed in a cell of the subject, thereby stimulating renal-tubular 
regeneration and/or reversing pre-existing renal injury in the subject. 

78. A method for treating and/or preventing chronic renal failure in a subject 
having chronic renal failure or at risk of having chronic renal failure, comprising 
administering to the subject a nucleic acid encoding tissue kallikrein and/or a 
nucleic acid encoding atrial natriuretic peptide under conditions whereby the 
nucleic acid encoding tissue kallikrein and/or the nucleic acid encoding atrial 
natriuretic peptide is expressed in a cell of the subject, thereby treating and/or 
preventing chronic renal failure in the subject. 
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SEQUENCE LISTING 

<110> MUSC Foundation for Research Development 

Chao, Lee 
Chao, Julie 

<120> METHODS AND COMPOSITIONS FOR TREATING 

CARDIAC AND RENAL DISORDERS WITH ATRIAL NATRIURETIC 
PEPTIDE AND TISSUE KALLIKREIN GENE THERAPY 



<130> 19113. 0065/P 

<150> 60/058,511 
<151> 1997-09-11 

<160> 30 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note = " synthetic construct'' 

<400> 1 
cttcacataa gacagca 

<210> 2 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 2 
aacacagccc agtttgt 

<210> 3 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 
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<400> 3 

gacctcaaaa tcctgcc 17 

<210> 4 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 4 

gccacaaggg acgtagc 17 

<210> 5 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 5 

catttcagca ctttcca 17 

<210> 6 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 6 

acgaccttca cagcgtc ' 17 

<210> 7 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 7 

cactgagcac ttgtggg 17 



<210> 8 
<211> 20 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 8 
caccgtgagc ttcctccttt 

<210> 9 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 9 
taggtcagac cagagct 

<210> 10 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 10 
tactacttcg gcgaatacct a 

<210> 11 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 11 
tccaatccgt caggtgtgat g 

<210> 12 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
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/note=" synthetic construct" 
<400> 12 

gacgacctgg ggacgact 18 

<210> 13 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 13 

aagacagcag tcaccact 18 

<210> 14 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 14 

ccgatctggt gtttgtc 17 

<210> 15 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 15 

aagactggga cctgctgtat 20 

<210> 16 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence:' 
/note=" synthetic construct" 

<400> 16 

ccgtctggac ctccttgaac 20 
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<210> 17 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 



<400> 17 
gctgaggaca aagatgtt 

<210> 18 
<211> 24 
<212> DNA 

<213> Artificial Sequence 



<:220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 



<400> 18 

tactccttca tggtccggaa cacc 24 

<210> 19 

<211> 20 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 19 

gccacccagc tctgcaatat 20 



<210> 20 

<211> 20 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 20 

ctgcccttgt catcacatga 20 



<210> 21 

<211> 17 

<212> DNA 

<213> Artificial 



Sequence 
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<220> 

<223> Description of artificial sequence 
/note=" synthetic construct" 

<400> 21 
tgtcacggtt gaagctt 

<210> 22 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 22 
gccacccagc tctgcaatat 

<210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 23 
ctgcccttgt catcacatga 

<210> 24 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 



17 



20 



20 



<400> 24 
ttcttgtact cgcacca 

<210> 25 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence 
/note=" synthetic construct" 

<400> 25 



17 
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catttcagca ctttcca 



17 



<210> 26 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 26 

gccacaaggg acgtagc 17 

<210> 27 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 



<210> 28 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 28 

aacacagccc agtttgt 17 

<210> 29 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note=" synthetic construct" 

<400> 29 

cttcacataa gacagca 17 



<400> 27 
acgaccttca cagcgtc 



17 



<210> 30 
<211> 17 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of artificial sequence: 
/note =" synthetic construct" 

<400> 30 

gacctcaaaa tcctgcc . 17 
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